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ABSTRACT 


In this period of performance, July 28, 1993 - March 28, 1995, a conference (The 1994 
Conference on Advanced Earth-to- Orbit Propulsion Technology) was organized and 
implemented by The University of Alabama in Huntsville and held May 15 - 17 to assemble and 
disseminate the current information on the Advanced Earth-to-Orbit Propulsion Technology. The 
results were assembled for publication as NASA CP 3282, Volume 1 and 2 and NASA CP-3287. 

BACKGROUND 

In the development of the Space Shuttle Main Engine (SSME) and the Space 
Transportation Main Engine (STME) it was felt by NASA that upgrading the capabilities of this 
engine concept was necessary in order to meet the challenge of the space transportation system 
needs for the future. The Marshall Space Fight Center (MSFC) was given the lead role to 
identify technology opportunities, develop multi-year plans and to oversee the implementation 
of these plans with the assistance and involvement of the Lewis Research Center. The overall 
objective of this program is the establishment of basic discipline technology necessary for an 
orderly evolution of high pressure oxygen-hydrogen stage combustion rocket engines to meet 
the needs of the earth-to-orbit space transportation for the next twenty-thirty years. It is 
expected that the accomplishments of these objectives have contributed to the nation's space 
program through providing a sound technological foundation for improvement in the technical 
specialties of rotor dynamics, structural dynamics, fluid and gasdynamics, fatigue/fracture 
mechanics/life, turbomachinery fluid mechanics, ignition/combustion processes, NDT/NDE 
inspection method, manufacturing/producibility, materials development/evaluation, cryogenic 
bearings, and instrumentation. 

Since 1984 a series of conferences describing the research achievements on the NASA- 
wide research and technology programs dealing with advanced oxygen/hydrogen and 
oxygen/hydrocarbon earth-to-orbit propulsion has been held at Marshall Space Flight Center. 

The purpose of these conferences was to provide a forum for the timely dissemination to the 
propulsion community of the results emerging from this program with particular emphasis on 
the transfer of information from the scientific/research to the designer. 

The first conference on the oxygen/hydrogen program was held at MSFC, on June 27-29, 

1 984 Proceedings of that conference entitled "Advanced High Pressure O 2 /H 2 Technology" 
were published as NASA Conference Publication 2372. A copy of the Table of Contents and 
participants list of this proceedings is included in Appendix I. Subsequently, NASA's separate 
research and technology programs dealing with oxygen/hydrogen and oxygen/hydrocarbon 
propulsion were combined into one program entitled "Advanced Earth-to-Orbit Propulsion 
Technology". The second conference proceedings entitled "Advanced Earth-to- Orbit 
Propulsion Technology, Volumes I and II" were published as NASA Conference Publications 
2436 and 2437. A copy of the table of contents and participants list of this proceedings is 
included in Appendix II. That conference was held on May 13-15, 1986. The third conference 


on these subjects was held on May 10-12, 1988. The third conference proceedings entitled 
"Advanced Earth-to-Orbit Propulsion Technology" were published in two volumes as NASA 
Conference Publication 3012. A copy of the table of contents and participants list is included in 
Appendix III. The fourth conference on these subjects was held on May 12- 15, 1990. The 
fourth conference proceedings entitled "Advanced Earth-to-Orbit Propulsion Technology - 
1990" were published in three volumes as NASA Conference Publication 3092. A copy of the 
table of contents and participants list is included in Appendix IV. The fifth conference on these 
subjects was held on May 19-21, 1992. The fifth conference proceedings entitled "Advanced 
Earth-to-Orbit Propulsion Technology 1992" were published as in two volumes as NASA 
Conference Publication 3174. A copy of the table of contents and participants list is included in 
Appendix V. In addition a proceedings entitled Hydrogen Effects on Materials in Propulsion 
Systems was assembled and submitted to NASA/MSFC in July 1992 for publication. A copy of 
the table of contents and participants list is included in Appendix VI. The sixth conference 
proceedings entitled "Advanced Earth-to-Orbit Propulsion Technology" were published in two 
volumes as NASA Conference Publication 3282. A copy of the table of contents and 
participants list is included in Appendix VII. 

The program grew significantly from 9 sessions, with 43 papers in the first conference to 22 
sessions, and 1 workshop. A total of 13 1 papers was presented in the 22 regular sessions which 
were included in the proceedings. An additional 30 presentations were made in the workshop 
and are being published separately. The attendance has approximately doubled from just over 
200 in 1984 to about 400 in 1994. The contents of the conference was originally organized into 
ten topics and has grew to eleven topics and the 1994 coference was organized into ten topics 
which include: Materials Development, Manufacturing and Inspection, Instrumentation, 
Turbomachinery, Fluid and Gas Dynamics, Ignition and Combustion, Fatigue/Fracture/Life, 
Bearings, Structural Dynamics, and Controls and Health Monitoring. Additionally, a 
Hydrdogen Environment Embrittlement in Advanced Propulsion Systems Workshop was 
conducted concurrently with the 1986 conference, during the 1988 conference a workshop on 
the Status Review of Hyrodcarbon-Fuels/Copper Materials Compatibility was held and during 
the 1990 conference two workshops (Hydrogen Standardization Workshop and Efficient Engine 
Workshop) were conducted. The presentations at the 1986 workshop were published in the 
conference proceedings, the 1988 workshop was composed of informal discussions and 
manuscripts were not prepared, and the 1990 workshop presentations were published in the 
conference proceedings. In 1992, three special sessions concentrating on Fluid/Struction 
Interaction, Robust Turbopump, Turbomachinery Seals and two workshops entitled Propulsion 
System Avionics and Hydrogen Effects on Materials in Propulsion Systems were conducted 
concurrently with the conference. A workshop entitled “Aluminum Lithium Alloys for 
Aerospace Applications was held in conjunction with the conference and the proceedings are 
published separately as NASA CP-3287. 

The Marshall Space Flight Center Advanced Earth-to-Orbit Propulsion Technology program 
is a long standing program. Proper interaction between industry/university and government 
communities are necessary. It has been demonstrated by each of these conferences that we 



were able to fill this need to provide a forum for these agencies. Specific task are included in 
the next section. 

SPECIFIC TASKS ACCOMPLISHED 

Implementation of the program was accomplisehd by the following specific tasks: 

1 Together with the designated MSFC personnel, the P.I. coordinated the activities 
involve in one Advanced Earth-to-Orbit Propulsion Technology Conference held May 
17 - 19,1994. 

2. Preliminary preparation for the conference was accomplished by updating the mailing list 
used for the 1994 conference, scheduling anticipated dates with the approval of the 
MSFC personnel as well as drafting a preliminary announcement for MSFC personnel 
approval. 

3. The P.I. with the approval of the designated MSFC personnel selected the members of 
the technical committee for the conference. 

4. The P.I. with the approval of the designated MSFC personnel selected scientists and 
engineers to participate in the conference. 

5. The P.I. together with the members of the technical committee selected papers for 
presentation in the conference. 

6. The P.I.'s office provided all the necessary logistic and technical support for the 
preparation and duration of the 1994 conference. 

7. The P.I. was responsible for assembling all the papers presented at the conference, 
compling a table of contents, pagation, author index, foreword, and delivering the 
assembled proceedings to MSFC for publication. 

The preparation and distribution of the 1994 conference proceedings as NASA CP 
3282, Volumes I and I and NASA CP-3287 constituted the final report for this effort. 




APPENDIX I 


"Advanced High Pressure O 2 /H 2 Technology" 
NASA Conference Publication 2372 

Table of Contents and Participant List 




PRECEDING FAGE BLANK HOT FILMED 


TABLE OF CONTENTS 

FOREWORD 

S . F . Morea & S . T . Wu 

WELCOME ADDRESS 
J. Kingsbury 

BACKGROUND 
S. F. Morea 


I» Fatigue/Fracture/Life and 
Ignition /Combust ion Process 


OVERVIEW 

G. Halford & C. Bianca 

A REVIEW OF FRACTURE MECHANICS LIFE TECHNOLOGY 
J. M. Thomas 

FATIGUE LIFE EXTENSION 
D. Matejczyk & J. Lin 

THRUST CHAMBER LIFE PREDICTION 

H. J. Kasper & R. J. Quentmeyer 


II. Manufacturing and Prodicibilitv 
Technology 

OVERVIEW 

R. L. Dresnfield & J. D. Hankins 

ROCKET THRUST CHAMBER THERMAL BARRIER COATINGS 
R. J. Quentmeyer 

CERAMICS FOR ADVANCED 0 /H, APPLICATION 
H. Carpenter 

VACUUM PLASMA COATINGS FOR TURBINE BLADES 
R. Holmes 


74 


PRECEDING PAGE 3‘ .?-M HOT FILMED 


III . Material Technology 

OVERVIEW 91 

R. L. Dreshfield & B. Bhat 

DESIGN OVERVIEW OF FIBER-REINFORCED SUPERALLCY 93 

COMPOSITES FOR THE SPACE SHUTTLE MAIN ENGINE 
J. Lewis 

MATERIALS FOR ADVANCED ROCKET ENGINE TURBO- 110 

PUMP TURBINE BLADES 
W. Chandler 

DEVELOPMENT OF HYDROGEN RESISTANT ALLOYS 133 

W. P. McPherson 

IGNITION OF METALS IN HIGH PRESSURE OXYGEN 134 

J. W. Bransford 

DEVELOPMENT AND EVALUATION OF ADVANCED 149 

LOX/GOX COMPATIBLE FLUORO- ELASTOMERS 
J. W. Martin 

HIGH PRESSURE HYDROGEN TESTING OF SINGLE 150 

CRYSTAL SUPERALLOYS FOR ADVANCED ROCKET 
ENGINE TURBOPUMP TURBINE BLADE 

R. A. Parr, W. S. Alter & M. H. Johnson 

RELATIONSHIPS BETWEEN MICROS CTRUCTURE 164. ' 

AND MICROFISSURINO IN ALLOY 718 
R. G. Thompson 

DEVELOPMENT OF NEW MATERIALS FOR TURBOPUMP 180 

BEARINGS 

R. E. Maurer, R. A. Pallini, 4 S. W. Brown 
IV. Bearing Technology 

OVERVIEW 201 

H. Scibbe 6 F. J. Dolan 



205 


ADVANCED ROCKET ENGINE CRYOGENIC TURBOPUMP 
BEARING THERMAL MODEL 
J. C. Cody 

HYBRID BEARINGS FOR LK, AND LO ? TURBOPUMPS 
M. F. Burner and F. C. Lee 


POWDER METALLURGY BEARINGS FOR ADVANCED 
ROCKET ENGINES 

J. N. Fleck, B. J. Killman 6 H. Munson 

ROLLINGS CONTACT FATIGUE LIFE OF CHROMIUM 
ION PLATED 440C BEARING STEEL 

B. N. Bhat 6 J . H. Davis 


V. Structure Dynamics 


OVERVIEW 

C. Chamis & L. Kief ling 

SIGNAL ANALYSIS TECHNIQUE FOR INCIPIENT 
FAILURE DETECTION IN TURBOMACHINERY 
T. Coffin 

FLOW DYNAMIC ENVIRONMENT DATA BASE 
DEVELOPMENT FOR THE SSME 
C- V . Sandaram 

TURBINE BLADE FRICTION DAMPING STUDY 

R. Dominic 

NONLINEAR STRUCTURAL ANALYSIS FOR 
FIBER-REINFORCED SUPERALLOY 

D. A. Hopkins & C. C. Chamis 


VI. Rotoravnamics 


OVERVIEW 

D. P. Fleming c. L. A. Schutzenhof er 


220 

245 

246 

261 

262 

277 

289 

318 

341 


345 


EFFECTS OF BEARING DEADBAND ON BEARING LOADS 
AND ROTOR STABILITY 

J. R. Glaese & A. P. Buklev 

PRELIMINARY RESULTS ON PASSIVE EDDY CURRENT 365 

DAMPER TECHNOLOGY FOR SSME TURBOMACHINERY 
R. E. Cunningham 

DEVELOPMENT AND APPLICATION OF A UNIFIED 331 

BALANCING APPROACH WITH MULTIPLE CONSTRAINTS 
E. S. Zorzi, C. C. Lee & J. C. Giordano 

ROTOR RESPONSE FOR TRANSIENT UNBALANCE CHANGES 400 

IN A NONLINEAR SIMULATION 

M. J. Hine, C. E. Landis & R. F. Beatty 

DAMPING TEST VERIFICATION SETUP 425 

K. Cappel 

DAMPING SEALS FOR TURBOMACHINERY 438 

G. L. von Pragenau 

VIBRATION CHARACTERISTICS OF THE HPOTP 452 

OF THE SSME 

D. W. Childs & D. S. Moyer 

HOUSING FLEXIBILITY EFFECTS ON ROTOR 482 

STABILITY 

L. B. Davis, E. A. Wolfe & R. F. Beatty 


'•’II- ir luiq ana Gas Dynamics 


OVERVIEW 508 

L. Povineili & H. Struck 

COMPUTATIONS TO IDENTIFY REGIONS OF FLOW 511 

SEPARATIONS IN THE SSME TURNAROUND DUCT 
L. A. Povineili & K. L. McLallin 

EXPERIMENTAL EVALUATION OF AN ADVANCED SPACE 512 

SHUTTLE MAIN ENGINE HOT-GAS MANIFOLD DESIGN 

CONCEPT 

D. Pelaccio , F. F. Lepore, G. M. O'Connor 
G. V. R. Rao, G. H. Ratekin 6 . S. T. Vogt 



CCDSNG PAGE BLAMK PiOT FILMEl 


NUMERICAL ANALYSIS OF FLOW NON-UNIFORMITY IN 548 

THE HOT GAS MANIFOLD OF THE SSME 

J. Thoenes, S. J. Robertson, A. W. Ratliff 
& P. G. Anderson 

FUEL AND OXIDIZER TURBINE LOSS ANALYSIS 560 

J. E. Hass 

REDISTRIBUTION OF THE INLET TEMPERATURE 571 

PROFILE THROUGH THE SSME FUEL TURBINE 

J . R . S chwab 

ANALYTICAL STUDY OF FLOW PHENOMENA IN SSME 579 

TURNAROUND DUCT GEOMETRIES 

K. L. McLallin 


VIII* instrumentation Technology 


OVERVIEW 599 

W. Nieberding 6 T. Marshall 

FIBER OPTIC RAMAN THERMOMETER FOR SPACE 603 

SHUTTLE MAIN ENGINE PREBURNER PROFILING 
J. A. Shirley 

AN ADVANCED SOLID STATE PRESSURE TRANSDUCER 618 

FOR HIGH RELIABILITY SSME APPLICATION 
R. Johnson & D. Wamstad 

VORTEX SHEDDING FLOWMETERS FOR LIQUIDS AT 63° 

HIGH FLOW VELOCITIES 

J. D. Siegwartn 

REUSABLE ROCKET ENGINE TURBOPUMP CONDITION 654 

MONITORING 

M. E. Hampson 6 S. Barkhoudarian 


NON- INTRUSIVE SHAFT SPEED SENSOR 

S. Barkhoudarian, L. Wyett L J. Maram 


674 



LX. Ignition/ Combustion Processes 


OVERVIEW 

C. Auke rman & D. Pryor 

LIQUID ROCKET COMBUSTION COMPUTER CODE 
DEVELOPMENT 
P. Liang 

A LASER SCHLIERIN AND ULTRAVIOLET DIAGNOSTICS 
OF ROCKET COMBUSTION 
S. F. Fisher 



PARTICIPANTS LIST 


S. Alter 

nrenda Linaiev- Anderson 

Charles Annis 

C. Aukerman 

Daniel Bales 

S. Barkhoudarian 

Donald A. Barnes 

R* F. Beatty 

Robert L. Bender 

S. Bhat tacharyya 

Carmelo J. Bianca, Jr. 

Dale Blount 

Donald Bolstad 

Rodney A. Boudreaux 

Lawrence Boulder 

Kim Bowen 

C. Bradford 

Rodney Bradford 

James W. Brans ford 

George F. Bremer 

Steve Brolliar 

S. W. Brown 

Venita Brown 

R* W. Buckman 

Angie Bukley 

James Burka 

H. D. Burke 

*L F. Butner 

Dave F. Calhoon 

Warren Campbell 

Willie E. Campbell 

James Cannon 

K. L. Cappel 

Harry W. Carpenter 

Edgar Carrasquillo 

C. E. Cataldo 

William V, Chambers 

C. Chamis 

W. T. Chandler 

S. S. Chen 

Dara W. Childs 


David L, Christensen 

Harry Cikanek 

Joseph C. Cody 

Tom Coffin 

Marcia Collins 

H. Coldwater 

Donald R. Connel 

Richard Counts 

Brad A. Cowles 

Gorge B. Cox, Jr. 

Preston Craig 

T * A. Cruse 

Jeremy P. B. Cuffe 

Robert E. Cunningham 

Dan David 

Jack H. Davis 

William Day 

Fred J . Dolan 

Tom Do liman 

Robert Dominic 

Nathan S. Dougnetrv, Jr 

Robert E. Doyle 

Michael Drake 

Robert L. Dresnfield 

Paul T. Falk 

Richard Farmer 

Van S. Fehr 

Geroge Fichtl 

Charles J. Finnegan 

S. F . Fisher 

David P. Fleming 

Robert L. Fowler 

P* M. French 

Gerald Friedman 

Joseph Fries 

Donald Fulton 

Frank Garcia 

Fred S. Garcia 

Henry Gawrvlovicz 

Anthony F. Giamei 

Harold M* Gibson 



John Glasgow 
Onto Goetz 
Dennis Goode 
Sol Goriand 
Stanley Gray 
Terry Greenwood 
Donald Griffin 
Loren Gross 
Klaus Gross 
J . E . Haas 
Gary R. Halford 
David Hamilton 
H. E. HamDSon 
James D. Hankins 
N* B. Hannum 
Harlan S. Harman 
Lt, Gregg Hawickhorst 
Arthur Henderson 
R* C. Hendricks 
Phil Hess 
R. Holmes 
Dale A. Hopkins 
Paul Howard 
James E. Jenkins 
John H. Johnson 
M- H. Johnson 
Russle L. Johnson 
Allen Johnston 
tarry Kief ling 
James ?. Kiely 
Beverly Killman 
J- E. Kingsbury 
Ken C. Kirk 
William K. Knuth 
R. Douglas Kramer 
L. Krishnamurthy 
Carolyn Kurgan 
Walt E. Langhi 
J- R. Lewis 
Chester Lee 
Young Lee 
Pak-yan Liang 
Jerald L ittles 
Sam Lowrv 


Carl H . Lund 
Charles A. Lundquist 
W3vne B. Lunn 
Werner P. Luscher 
John Moorenead 
S. J. Marsik 
John W. Martin 
Daniel E. Matejczyk 
Robert E. Maurer 
Stan McIntyre 
Gene McKannon 
K. L. McLallin 
Jim McLannan 
••• B. McPherson 
Jay Medley 

Edward E. Montgomery 
S. F. Morea 
Vito Moreno 
Paul Morris 
Harold E. Munson 
Neill C. Murphy 
Linda S. New 
William C. Nieberding 
Richard Norman 
William Norton 
Benny Nunneliev 
Robert O'Brien 
Robert A. Pallini 
Marcus L. Pearson 
Mark Pettitt 
Roy Pelmas 
Carlton D. Penn 
George Philyaw 
Chuck Pinson 
John E. Pond 
Jan S. Porowski 
William Powers 
Jerry Price 
D. Pryor 

Andrzej J. Prezekwas 
diehard J. Ouentmeyer 
Gary Ouill 
G. M. Reck 



APPENDIX II 


"Advanced Earth-to-Orbit Propulsion Technology 1986, Volumes i and II" 
NASA Conference Publications 2436 and 2437 


Table of Contents and Participant List 




VOLUME ONE 


TABLE OF CONTENTS 

FOREWORD Li 

WELCOME ADDRESS 

James E. Kingsbury ^ 

PROGRAM OVERVIEW 

Frank W. Stephenson, Jr 2 

OXYGEN/HYDROGEN TECHNOLOGY TEST BED 

A. L. Worlund ^3 

I STRUCTURAL DYNAMICS 

Statistial Techniques for Detecting Bearing Defects 

Richard Smith and Jack Frarey 20 

Diagnostic Assessment of Turbomachinery by the Hyper- 
Coherence Method 

Jen-Yi Jong and Thomas Coffin 45 

Probabilistic Structural Analysis Methods: SSME Propulsion 
Components 

D. A. Hopkins and C. C. Chamis 55 

Fatique Life Predictions from Measured Strains 

Robert A. Sire gg 

I I INSTRUMENTATION 

Fiber Optic Raman Thermometer for Space Shuttle Main 
Engine Preburner Profiling 

John A. Shirley 2.07 

An Advanced Solid State Pressure Transducer for High 
Reliability SSME Applications 

G. E. Gustafson and J. J. Shea 124 

Vortex Shedding Flowmeter for Fluids at High Flow 
Velocities 

James D. Siegwarth 139 

Non- Intrusive Shaft Speed Sensor 

L. Wyett and S. Barkhoudarian 

SSME Failure Characteristics with Regard to Failure Detection 
T. C. Evatt , L. R. Iwanicki, M. H. Taniguchi, and H. A. 

Cikanek, III 159 


Heat Flux Sensor Calibration 
A. Dybbs and M. Krane 


Development of An 
Bearing Failure 
William D. Jolly, 


Acoustic Monitor to Detect Incipient 
W. R. Van der Veer and John M. Knadler 


SyS "" S ° eSlSn f ° r 

0 . c! Pel“cio T : V '. r,r * U * 0n - J ' and 


III DYNAMIC CHARACTERISTICS OF TURBOMACHINERY 


A 

B. 


F l^ iC ? 'mu”*?' ^ rbi " e R ° t0r $eal Forces 

y, . Qiu, M. Martinez -Sanchez, and E. M. Greitzer. 


Impeller Fluid Forces 

c. t. Srennen, A. J. Acosta, and T. K. Caughev 


Force and Moment Rotordynamic Coefficients 
Impeller Shroud Surfaces 
Dara W. Childs 


for Pump- 


Experimental Rotordynamic Coefficient 
On -Rotor and Teeth -On -Stator Labyrinth 
Dara W. Childs and Joseph K. Sch’arrer 


Results for 
Gas Seals 


Teeth- 


Test Results for Sawtooth-Pattern Damper Seals- 
and Rotordynamic Coefficients 
D. Childs and Frank Garcia 


Leakage 


IV MATERIAL TECHNOLOGY 


Ignition Characteristics of 
James W. Bransford, Phillip 
and Isaura Vazquez 


Selected SSME Alloys 
A. Billiard, James A. 


Hurley 


Tailored Single Crystal Airfoil Development 

K. Bowen and P. Nagy 

Evaluation of Turbine Disk PM Alloys in Hvdrogen 
w. h. Couts, Jr ' - s 


tngiL““^o™„“ VanCed COaCi " 8 « R-ket 

S. K. Verma . 


Evaluation of Fiber-Reinforced Suoerallov 
SSME Turbine Blade Applications 
J- L. Yuen 


Composites 


ror 


. .165 
- . 178 

. . 197 

233 

. 270 

. 296 
327 
346 

366 
. 387 
. 413 

. .422 


. 451 



New Developments in Electrof ormed Nickel Based Structural 
Alloys 

Glenn A. Malone . 


V FLUID AND GAS DYNAMICS I 

Water Flow Test of the Space Shuttle Main Engine Hot 
Gas Manifold 

Bruce M. Wiegmann 

Viscous Flow Computations for the HGM 11+ Version of the 
SSME/HGM 

R. P. Roger and S. J. Robertson 

Flow Induced Vibrations in the SSME Injector 

G. V. R. Rao 

Highlights of the Space Shuttle Main Engine (SSME) 
Computational rluid Dynamics (CFD) Fourth Working Group 
Meeting 

H. V. McConnaughey 

■Numerical Simulation of Multiple Jet Interaction 

S. D. Bai , S. T. Wu and C. Warren Campbell 

SSME Aero thermodynamics Load Definition 

L. A. Povinelli 

VI FLUID AND GAS DYNAMICS II 

Assessment of a Parabolic Analysis for Axisymmetric 
Internal r lows in Rocket and Turbomachinerv Ducts 
G. D. Power and 0. L. Anderson \ 

Analysis or Multistage Turbomachinerv Flows 
J . J . Adamczyk 

Experimental Measurements of Heat- Flux Distributions in a 
Turbine Stage with Upstream Disturbances 

M . G . Dunn 

Computational and Experimental Study of Flow- Induced 

Vibration of the SSME Main Injector Post 

S. S. Chen, J. A. Jendrzejczvk, and M. U. Wambsganss 

Real Gas Properties and Space Shuttle Main Engine Fuel 

Turbine Performance Prediction 

G. J. Harloff 

PARTICIPANTS 

APPENDIX 

Table of Contents of Volume Two 


. 480 

. 498 

518 
. 559 

. 571 
. 576 
595 

. 597 
. 612 

. 614 

. 637 

663 

688 


691 



VOLUME TWO 


TABLE OF CONTENTS 


FOREWORD 



VII ROTORDYNAMICS 

Damping Seal Tester Progress and Initial Test Results 

K. L. Cappel and G. L. von Pragenau 2 

High-Pressure Oxygen Turbopump Low- Speed Flexible Rotor 
Balancing for Smooth, High-Speed Operation, 

E. Zori , J. C. Giordano and G. von Pragenau g 

The Effects of Internal Rotor Friction on Dynamic 
Characterisitcs of Turbopumps 

J. F. Walton II, A. Artiles , J. Lund and C. Lee 33 

Efficient Transient Analysis Methods for the Space 
Shuttle Main Engine (SSME) Turbopumps 

S. T. Noah, U. J, Fan, Y.-S. Choi and T. Fox 62 

Vibrations Induced by Nonlinearities in Rotordynamics 

William B. Day 22 

VIII FATIGUE/FRACTURE AND LIFE 

Simplified Cyclic Structural Analyses of SSME Turbine 
Blades 

A. Kaufman and J. M. Mandersc’neid 

Effects of High Mean Stress on the Hig'n-Cvcie FatiEue of 
PWA-1480 and DS MAR 246 + Hf at 1000 “F 

S. Majumaar ^5 

Constitutive Behavior of Single Crystal PWA 1480 and 
Directionally Solidified MAR-M 246 Under Monotonic and 
Cyclic Loads at High and Low Temperature 

Walter W. Milligan, Eric S. Huron, and Stephen D. Antolovich . . 134 

High -Temperature LCF of Ni-201 and 304L S. S. 

G. R. Halford, L. R. Johnson, and J. A. Brown 172 

E aC i§ ue Crack Retardation Following Overloads in Inconel 
718, Ti-5Al-2.5Sn and Haynes 188 
D. E. Matej czyk, R. P. Jewett, D. W. Schmidt and 
and G. C. Hresko III 


. 205 



IX BEARINGS 


X 


X 


Thermo -mechanical Performance 
Turbopump Ball Bearings 
Robert A. Pallini .... 


Evaluation of Cryogenic 


Thermal Analysis of SSME Turbopump Bearings 
Joe C. Cody, David Marty and Bruce K. Tiller 


Lubrication Evaluati 
K. F. Dufrane, J. V. 


on of SSME Turbopump Bearings 
Kannel and S. A. Barber 


BearinJs CharaCreriStiCS ° f Liquid ° Xygen Cooled Bal1 
Myles Burner and Mary Shoemaker 


Powder Metallurgy 
B. N. Bhat, T. S. 
and V. Moxson . 


Bearings for Advanced Rocket Engines 
Humphries, R. L. Thom, G. I. Friedman 


BEARINGS II 


221 

241 

266 

293 

311 


RolUng Contact Fatigue Life of Zirconium and Molybdenum 
Nitride Sputter Plated AMS-5749 Bearing Steel 
R. L. Thom and F. J. Dolan 

327 

Measurement of Rotordynamic Coefficients for a 
^*y^^ 0s ^3Xic Radial Bearing 
B. T. Murphy and M. N. Wagner 



Surface Modification for Wear Resistance in a Liauid 
Oxygen Turbopump Environment 
Lillian Ng and Yngve Naerheim 

366 

Def lectometer Health Monitorin & Usin S a Fiberoptic 

Sarkis \arkh™darian^ R ' E “ daU and 

377 

XI COMBUSTION AND COOLING PROCESSES I 


Aerojet Techsystems Company Contribution 
Combustion and Cooling Technology 
S. D. Mercer and D. C. Rousar 


to LOX/HC 


Survey of LOX/Hydrocarbon Combustion and Cooling 
A. I. Masters, V. A. Visek and R. G. Carroll 

LOX/Hydrocarbon Combustion and Cooling Survey 
R. T. Cook and F. M. Kirby 


393 

439 

461 



Liquid Oxygen Cooling of High Pressure LOX/Hydrocarbon 
Rocket Thrust Chambers 

H. G. Price 

and Methane Combustion and Cooling Experiments 
C. R. Bailey 

XII COMBUSTION AND COOLING PROCESSES II 

Results of Coaxial Injector Element Testing 
S. C. Fisher 


Combustion Modeling: Progress and Projections 

P. Y. Liang 

Effects of Oxygen/Hydrogen Combustion Chamber Envirnoment 
on Copper Alloys 

M. Murphy, R. E. Anderson, D. C. Rousar and 
J. A. Van Kleeck 


474 . 

529 

550 

570 

580 


HYDROGEN ENVIRONMENT EMBRITTLEMENT IN ADVANCED 
PROPULSION SYSTEMS WORKSHOP 

Hydrogen -Environment Embrittlement and Its Control in 
High Pressure Hydrogen/Oxygen Rocket Engines 
W. T. Chandler 

Hultispecimen Test Facility for High-Pressure Hydrogen 
Creep Studies 

S. K. Verma 

Pratt & Whitney ' s Hydrogen Test Facilities 
R. L. Fowler, Jr 

A High Pressure, High Temperature Hydrogen Environment 

for Metals Properties Testing System 

Michael J. Rother 

Development of a Computer -Controlled Technique to 
Determine Crack Growth Rate Properties in Controlled 
Environments Using Crack Opening Displacement 
D. R. Moore, D. T. Drinan and J. D. Hodo 

Hydrogen Effects on the Fatigue and Tensile Behavior of 
CMSX-2 Nickel Base Superalloy Single Crystals 

I. M. Berstein, S. Walston, M. Dollar, A. Domnanovich and 
W. Kroump 


. 618 


635 


ocC 


. 661 


672 


698 


The Determination of Mobile Hydrogen in Aerospace Engine 
Alloys 

Merlin D . Danford 


715 



LCF and Crack Growth Rate of Turbine Blade Alloys in Hydrogen 
and Hydrogen/Steam Environments 

B. A. Cowles, D. P. Deluca, J. R. Warren and F. K. Haake . 

Progress Report on the Development of a Hydrogen 
Resistant Alloy 

W. B. McPherson 

Hydrogen Effects on Crack Growth Resistance of an Iron 
Base Superalloy 

N. R. Moody, M. W. Perra and R. E. Staltz 

PARICIPANTS 

APPENDIX 

Table of Contents of Volume One 


729 

749 

758 

759 


763 




PARTICIPANTS 


Alan Adams 
J . T . Akin 
David W. Allen 
Steve L. Allums 
Robert Ammon 
Olof Anderson 
W. J. Armstrong 
Joseph J. Attinello 
Clarence B. Auchter 
S . Don Bai 

Sarkis Barkhoudarian 
Donald A. Barnes 
Gary Bartee 

Lt. Angela B. Bartholomew 

John C. Bennett 

James T. Berling 

Mel Bernstein 

Ronald Bledsoe 

Wayne Bordelon, Jr. 

Kim Bowen 
James W. Bransford 
Mel Bryant 
0. Hal Burnside 
Miles S . Butner 
Tom Byrd 
W. E. Campbell 
James Cannon 
Charles E. Cataldo 
William V. Chambers 
W. T. Chandler 
Muwon Chang 
Shoei-Sheng Chen 
Lynn C . Chou 
Dr . A . Choudry 
Henry Cialone 
Harry Cikanek 
Joe C. Cody 
Thomas Coffin 
Anton Coles 
Dr. N. C. Costes 
Wilford H. Couts , Jr. 

B. A. Cowles, 

Preston S. Craig 
John M. Crapuchettes 
Robert J . Cronin 
Jeremy P. B. Cuffe 
Leslie A. Curtis 
Youssef M. Dakhoul 


Dan David 
Rory P.. Davis 
William B. Day 
William J. Dickinson 
Thomas Do liman 
Robert Dominic 
Robert E. Doyle 
Robert Dreshfield 
Dan Drinan 
Robert Dring 
Thomas DuBell 
Roger Dugas 
Dr . Michale G . Dunn 
Matthew C. Ek 
T . C . Evatt 
Charles Finnegan 
Lorraine Finnegan 
Jeff A. Fisher 
Steven C. Fisher 
Anthony Fortini 
Robert L. Fowler 
D . B . Franklin 
Alonzo Frost 
Donald L. Fulton 
Gordon H. Gainer, Jr. 
Fred S. Garcia 
Thomas Garosshen 
Ashoke Ghosh 
Harold M. Gibson 
Lou Ann Gibson 
John Giordano 
John R. Glease 
R. Glover 
0. K. Goetz 
Sol Gorland 
Lynnon F. Grant 
Stanley Gray 
Willard Green 
Klaus Gross 
Gary Gustafson 
Jack Halb rooks 
Dr. Gary R. Halford 
Richard L. Hall 
James D. Hankins 
Dr. Gary Harloff 
Harland Harman 
Robert D . Harris 
B. B. Henson 


Rosemary Hernandez 
Philip Hess 
Richard R. Holmes 
Dale A. Hopkins 
Vance Houston 
J . E . Hughes 
Edwin P. Jacobs 
Richard Jentgen 
Belgacem Jery 
James A, Johnston 
Jen-Yi Jong 
Albert Kaufman 
James E. Kingsbury 
Kenneth G. Kirk 
Zach Kirkland 
John M. Knadler , III 
Arthur Kobayashi 
Dr. Richard D. Kramer 
Dr. Robert E. Kurth 
Paul H. Kutschenreuter 
T. Cleon Lacefield 
Debra Leath 

Brenda L. Lindley -Anderson 

0. Leon Lindsey 

Stuart H. Loewenthal 

Thomas L. Lopez 

Carl H. Lund 

Charles Lundquist 

Stuart G. MacDonald 

A. K. Majumdar 

Saurin Majumdar 

Arthur I. Master 

Dan Matejczyk 

Glen Malone 

Robert G. Mapes 

S . J . Marsik 

David E . Marty 

Mason D. Marvin 

Ronald A. Mayville 

Patrick E. McBurnett 

Michael A. McGraw 

Timothy McHechnie 

Melvin C. Mcllwain 

Eugene McKannou 

Joseph A. McKenzie 

Bryan McPherson 

Jay Medley 

Daniel Mellon 

Stephen Mercer 

Donald V. Merrifield 

Dr. S. Midturi 

Kathrine Mims 

Dr. N. R. Moody 


Dennis Moore 
Lance Moore 
S. F. Morea 
George S. Morefield 
Stanley A. Mosier 
Dr . Tonmoy Muker j ee 
B . T . Murphy 
Mike Murphy 
James A. Nesbitt 
William Nieberding 
Sherif T. Noah 
Richard Norman 
Arthur C. Nunes, Jr. 
Gordon S . Oakley 
Charles J. O'Brien 
Richard A. Parr 
Robert A. Pallini 
Arvind C. Patel 
Dr. Neil E. Paton 
Donald Paulus 
Mark L. Pearson 
Dennis G. Pelaccio 
Roy Pelmas 
Arlen Petersen 
Donald W. Petrasek 
Alan Philips 
Jerry Pieper 
William E. Poole 
S . Porowski 

Dr. Louis A. Povinelli 
William T. Powers 
Harlan Pratt 
Harold G . Price 
Robert J.Prozen 
A. J. Przekwas 
Richard Quentmever 
Thomas A. Racklev, III 
Dr. G. V. R. Rao 
J . R . Redus 
Chris Rhemer 
James S. Richards 
Robert J. Richmond 
Curtis L. Robinson 
Dr. Robert P. Roger 
Dr. Sanders Rosenberg 
Michael Rother 
Don C. Rousar 
Robert Rowe 
Paul Royall 
Richard Ryan 
Jeffery W. Salmon 
Douglas S . Sandridge 
Carla Schindler 



Leonard Schoenman 
Fredrick T. Schuller 
David C. Seymour 
Lalit K. Sharma 
Dr. John A. Shirley 
J. D. Siegwarth 
Ashok Kumar Singhal 
Richard L. Smith 
William Soong 
Louis J . Spadaccini 
Paul Spica 
Roderick Stallworth 
Frank W. Stephenson, Jr. 
Henry P. Stinson 
Sally L. Stohler 
Albert Storace 
Don Stouffer 
Wayne L Swanson 
Marion S . Swint 
Luen Tong Tam 
John K. Tein 
Linnis G. Thomas 
Jerry Thomson 
Anthony W. Thompson 
Dr. Robert G. Thompson 
Bruce K. Tiller 
Alan E . Tischer 
Isaias Torres 
Philip L. Tygielski 
David A. Utah 
M. C. Vanwanderham 
Alex Vary 
H. G. Vick 

George L. Von Pragenau 
Richard E. Walker 
Scott Walston 
Martin W. Wambsganss 

J . Peter Wanhainen 

K. Kevin Ward 
W . B . Watkins 
W. B. White 
Michael R. Whitley 
Clyde Wiley 

Glenn E. Wilmer, Jr. 

A. L. Worlund 
S. T. Wu 
Jim L . Yuen 
Robert Zera 
Joe E. Zimmerman 



APPENDIX III 


"Advanced Earth-to-Orbit Propulsion Technology 1988, Volumes I and II" 
NASA Conference Publications 3012 

Table of Contents and Participant List 



VOLUME ONE 


TABLE OF CONTENTS 


FOREWORD 

WELCOME ADDRESS 

J. Wayne Littles ^ 

ADVANCED EARTH -TO -ORBIT PROPULSION TECHNOLOGY PROGRAM OVERVIEW. 5 

Impact of Civil Space Technology Initiative" 

Frank W. Stephenson, Jr. 

LEWIS RESEARCH CENTER COMMENTS 

Stanley J. Marsik 

OXYGEN /HYDROGEN TECHNOLOGY TEST BED STATUS UPDATE 

J. S. Richards 


I STRUCTURE DYNAMICS 

A Hybrid- Stress Finite Element For Linear Anisotropic 
Elasticity 

Gerald W. Fly, J. Tinsley Oden, and Mark L. Pearson... 
Blade Tip Rubbing Stress Prediction 

Gerald A. Brusher, Gary A. Davis, and Daniel M. Shea.. 

Probabilistic Structural Analysis Methods Development 
for SSME 

C. C. Chamis . and D. A, Hopkins 

Development of an Integrated BEM for Hot Fluid- Structu 
Interaction 

G. F. Dargush, and P. K. Banerjee 


II BEARINGS I 


Evolution and Use of Combined Mechanical and Thermal 
Codes for Cryogenic Turbopump Bearings 

Joe C. Cody, David E. Marty, and James D. Moore 

Determination of the SSME High Pressure Oxidizer Turbopump 
Bearing Temperature K 

Y. Naerheim, P. J. Stocker, and J. S. Lumsden 

Cyrogenic , High Speed. Turbopump Bearing Cooling 
Requirements “ s 

Fred J. Dolan, Howard G. Gibson, James L. Cannon and 
J . C . Codv 


88 


102 


110 



Pool Boiling From a Rotating and Stationary Spheres in 
Liquid Nitrogen 

Winston M. Cuan, and Sidney H. Schwartz 


Ill BEARINGS II 


Bearing Optimization for SSME HPOTP Application 
Elizabeth S. Armstrong, and Harold H. Coe 

Development of Improved Self Lubricating Cages for 
SSME HPOTP Bearings 

J. W. Kannel, K. F. Dufrane, S. A. Barber, and 
J . Gleeson 

Pratt and Whitney Cryogenic Turbopump Bearing Experience 
W. E. Poole, and R. V. Bursey, Jr 

Cage Stability Analysis for SSME HPOTP Bearings 
T. L. Merriman, and J. W. Kannel 

Rocketdyne LOX Bearing Tester Program 

J. E. Keba, and R. F. Beatty 


159 

175 

190 

200 

213 


IV IGNITION/COMBUSTION PROCESSES 


Catalytic Ignition of Hydrogen/Oxygen 

James M. Green, and Robert L. Zurawsici 

Oxvgen/Methane Combustion Stability Investigation 
0 ■ Jensen, n. Dodson, and 3. Trueblood. 


Combustion Instability Coupling with Feed System Acoustics 
Richard J. Priem, and Kevin J, Breisacner.. 


Computer Code for Prediction of Nozzle Admittance 
Thong Van Nguyen 

Tripropellant Combustion Process 

T. D. Kmiec , and R. G. Carroll 

Swirl Coaxial Injector Element Characterization for 
Booster Engines. PAR-SA-ATC/2 NASA-MSFC 6 May 88 
Gregory M. Meagher, and Jeffrey A. Muss 

Heavy Hydrocarbon Main Injector Technology 
S . C . F isher . and H . A. Arbit 


302 

316 


334 

348 


Injector Element Characterization Methodology 
George B. Cox, Jr 


375 



V 


ENGINE- VEHICLE INTERACTION 


Summary of Booster Propuls ion/Vehicle Impact Study Result 
Vincent A. Weldon, Lawrence E. Fink, and 

Dwight U. Phillips 

Operational Cost Drivers 

Arthur L. Scholz, and William J. Dickinson 


High/Variable Mixture Ratio Oxygen/Hvdrogen Engines 
Wm. H. Knuth, and John H. Beveridge 

High/Variable Mixture Ratio 02/H2 Engine 

A. Adams, and R. C. Parsley 


Variable Mixture Ratio Performance Through Nitrogen 
Augmentation 

R. Beichel, C. J. O'Brien, and E. K. Bair 

High Variable Mixture Ratio Oxvgen/Hydrogen Engine 
C. M. Erickson, W. H. Tu, and A, H. Weiss 


VI FATIGUE /FRACTURE AND LIFE PREDICTION 

Micromechanics of Cyclic Deformation in SSME Turbopump 
Blade Materials 

Walter W. Milligan, and Stephen D. Antolovich -..48 

High Temperature Fatigue Behavior of Haynes 18S 

Garv R. Halford. James F. Saltsman, and Sreeramesh Hailur i . . .49 

Constitutive and Life Modeling o: Single Crystal Blade 
Alloy for Root Attachment Analysis 

T. G. Meyer, G, J. McCarthy, and L. H. Favrov, D. L. Anton, 
and Joe ^ 

The Fatigue Damage Behavior of a Single Crystal Superalloy 
Michael A. McGaw / y ^ 


NASCRAC - A Fracture Mechanics Analysis Code 

D. 0. Harris, D. D. Dedhia, R. A. Sire, ?'. J. Woytowitz, 

and E. E. Nelson 

A Comparison of Single-Cycle Versus Multiple - Cycle 
Proof Testing Strategies 

Stephen J. Hudak, Jr., and Dale A. Russell 

Data Base for Crack Growth Properties of Materials 
Royce G. Forman, Victor S. Lawrence, and Henry L. Nguy., 


596 


Comparison of Two Computer Codes for Crack 
Analysis - NASCRAC VS NASA/FLAGRO 
Roderick Stallworth, Charles A. Mever, and 
Helen C. Stinson 


Growth 


Structural 
V. K. Arya, 


Response of SSME Turbine Blade Airfoils 
A. Abdul -Aziz, and R. L. Thompson 


Inalysis iSCiC M ° del f ° r FraCtUre Mech anics Service Life 
Charles Annis, and Tommie Watkins 


• ... 609 
634 


653 


VII MANUFACTURING 


Environment 0 ' Th£rmaI in 3 Hi ^ Flux 

William J. Brindiey. and James A. Nesbitt 

6 61 

Flu^Envirnoment ° f Thermal C ° atingS in 3 Hi * h 

J. A. Nesbitt, and W. J. Brindley 6?5 

Vacuum Application of Thermal Barrier Plasma Coatings 

Holmes, and T. N. McKechnie ,. n 

6 9 2 

Spoors" ° £ AdVanC ' d COaCing IeChni '! ues “ R °<*at Engine 
S . K . Verma . . . 

703 

?ho»!i C " Ma H«be- r ' P ° S d C “ ir ' SinuU « d SSME Environments 
inomas . . Herbe^. and Anarew J. Eckel 

mghi^rer"”"^ K * ldlnS « Marshall Space 

c. S. Jones, M. E, Jackson, and L, A. Flanigan 742 

PARTICIPANTS . 

751 

APPENDICES 

Table of Contents of Volume II 

756 

Author Index. . 

761 



VOLUME TOO 


TABLE OF CONTENTS 

FOREWORD ii 

VIII TURBOMACHINERY I 

The Numerical Simulation of a Multistage Turbine Flow Field 

J. J. Adamczyk , T. A. Beach, M. L. Celestina, R. A. Mulac , 

and V . M . To 2 

Hot Gas and Coolant Flowpath Environments in the Space Shuttle 
Main Engine High Pressure Fuel Turbopump Turbine 
H . V . McConnaugney 10 

Advanced Helium Buffer Seals for SSME HPOTP 

Wilbur Shapiro 26 

3-D Laser Anemometer Measurements in a Labyrinth Seal 

G. L. Morrison, and G. B. Tatterson 39 

Effects of Eccentricity in Annular Pressure Seals on 
Rot or dynamics Coefficients and Rotordynamics 

D. T. Nguyen, and C. C. Nelson 52 

Numerical Investigation of Stator-Rotor Interaction of the 
SSME 

Yen-Sen Chen 66 

Annular Honeycomb Seals: Test Results for Leakage and 

Rotor dynamic Coefficients; Comparisons to Labyrinth and Smooth 

Configurations 

Dara Childs, David Elrod, and Keith Hale 79 

Experimental Results for Labyrinth Gas Seals with Honeycomb 
Stators: Comparisons to Smooth-Stator Seals and Theoretical 

Predictions 

Larry Hawkins, Dara Childs, and Keith Hale 95 

IX TURBCMACHINERY II 

High Pressure Oxygen Turbopump (HPOTP) Bearing Cooling Flow 
Visulization Test 

Wayne J. Bordelon, Jr 113 

Influence of Rubbing in Rotor Dynamics 
Agnes Muszvnska, Wesley D. Franklin, and 

Robert D. Havashida 149 


165 


Experimental Investigation of Internal Rotor Friction 
Instability 

^ ■ Walton, M. Martin, J. Dill, and G, von Pragenau. 

Dynamic Analysis of Nonlinear Rotor/Housing Systems 
S. T. Noah, I. F. Chiang, and Y. B. Kim 

Influence of Impeller Shroud Forces on Turbopump Rotor 
Dynamics 

Jim P, Williams, and Dara V. Childs 

Effects of Cavitation on Rotordynamic Forces Matrices 
C. E. Brennen, R. Franz, and N. Arndt " 

Rotor/Stator Unsteady Pressure Interaction 
C. E. Brennen, P,. Franz, and N. Arndt 


192 


209 

227 

240 


LUID/GAS DYNAMICS 


Fluidelastic Instability Investigation of the Space Shuttle 
Main Engine Main Injector 

D. R. Richards, G. M. O'Connor, H. J. Connors, and 
K . Thomas 

Fluctuating Pressures in Pump Diffusers and Collector Scrolls 
Donald P. Sloteman, Paul Cooper, and Robert Leon 

Measurement of Turbulent Flow Quantities in a Rectangular 
Duct with a 180 Degree Bend 
V. A. Sandborr. 


Development and Assessment of Advanced Turbulence Models 
for SSME 

C. P. Chen, and Charles F. Schafer 


The NASA Lewis Research Center Space Shuttle Main Engine 
Aero thermodynamic Loads Definition Study 
Raymond E. Gaugler 

Phase and Time-Resolved Measurement of Unsteady Heat 
Transfer and Pressure in a full -Stage Rotating Turbine 
Michael G. Dunn 


Impact of ETO Propellants on the Aero thermodynamic Analyses 
of Propulsion Components 

K. C. Civinskas, R. J. Boyle, and H. V. McConnaugney 


S^J^tegy for Turbulence Model Selection for Complex Internal 
Separated Flows 

Andrei a Brankovic 


365 



INSTRUMENTATION I 


Advanced Instrumentation Technologies for Rocket Engines - A 
Survey 

W. E. Watkins, and W. B. Lunn 384 

Study of Transient Heat Flux Measurement 

Curt H. Liebert 396 

The Effect of Cooling on the Calibration of Gardon Heat Flux 
Sensors 

M. Krane , and A. Dvbbs 408 

Vortex Shedding Flowmeters for Space Shuttle Main Engines 

J. D. Siegwarth 429 

Smart Hydrogen Sensor Development 

William L. Nail, and Thomas L, Roger 442 

Optical Inspection of Propulsion System Components Using 
Heterodyne Holographic Interferometry 

Arthur J. Decker, Michael Krasovski, and Mark Krengulec 453 

An Expert System Approach to Turbopump Health Monitoring 

John G. Perry, Jay P. Riechel, and Arnie M. Norman 468 

MATERIALS DEVELOPMENT I 

Compatibility of Hydrocarbon Fuels with Booster Engine 
Combustion Chamber Liners 

Sanders D. Rosenberg, and Mark L. Gage 479 

LOX/Hydrocarbon Thrust Chamber Technology 

Melissa S. Cloud 491 

Investigation of Copper Alloy Combustion Chamber Degradation 
by Blanching 

D. Berkman Morgan, T. Nguyentat, J. E. Franklin, and 

A, C. Kobayashi 506 

Evaluation of Tungsten Fiber-Reinforced Superalloy Composites 

for Advanced Rocket Engine Turbine Apolications 

J. L. Yuen *. 528 

The Effect of Hydrogen on the Deformation and Fracture of 
PWA 1480. 

V. S. Walston, I. M. Bernstein, and J. C. Williams 


549 


XIII INSTRUMENTATION II 


Condition Monitoring Instrumentation for Space Vehicle 
Propulsion Systems 

M. R. Randall, S. Barkhoudarian, J. J. Collins, and 
C. Martinez 5^2 

Optical Methods for Remote Rocket Engine Condition Monitoring 

Jonathan M. Maram, Lynn Wyett, Ray C. Delcher, and 

John V. Reinert 57 Q 

Fiber Optic Raman Thermometer 

John A , Shirley 

Analysis of UV-VIS Spectral Radiation from SSME Plume 

V. T . Powers, and H. A. Cikanek 

Plume Spectrometry for Liquid Rocket Engine Health Monitoring 
William T. Powers, J. H. Bridges, III, and T. W. Bratcher 612 

Nozzel Exit Plane Measurement Instrumentation for SSME 
Laurence R. Boedeker, and John A. Shirley 524 

Diagnostic Testbed Facility (DTF) for Accelerated Plume 
Diagnostics Development 

Brantley J . Adams, and Donald J. Chenevert 644 

Plume Diagnostic and Engine Health Monitoring Activities at 
Stennis Space Center an Overview 

David B. Van Dyke, and Donald J. Chenevert 652 

Phase II Results for Real-Time Failure Control Tecnnoiocv 
for the SSME 

Mike Taniguchi eey 


XIV MATERIALS DEVELOPMENT II 

Performance of Superalloys in the High Temperature -High 

Pressure Hydrogen Facility at IIT Research Institute 

Suresh K. Verma, Edward J. Veselev, Jr., and R. Parr 671 

Powder Metallurgy Alloys in Gaseous Hydrogen 

N. L. Weeks, J. R. Warren, and B. A. Cowles 683 

to - plastic Finite tlement Analyses of Two-Dimensional 
Rolling and Sliding Contact Deformation of Bearing Steel 
A, M. Kumar, G. T. Hahn, V. Bhargava, and C. Rubin 696 


Oxidative Wear of Turbopump Bearings 
Dilip K. Chaudhuri 


713 



Material and Tribological Considerations for HPOTF Bearings 
L. D. wedeven, and N. C. Miller 728 

The ignition Characteristics of Several Alloys for Use in 
Oxygen Systems 

James V. Bransford, Phillip A. Billiard, James A. Hurley, 
Kathleen M . McDermott, and Isaura Vazqez 758 

PARTICIPANTS 786 

APPENDICES 

Table of Contents of Volume II 792 

Author Index 795 




PARTICIPANTS 


LARRY ABEL 

ERICK ABRAHAMS ON 

ALAN ADAMS 

JOHN J. ADAMCZYK 

DAVID G. AICHELE 

FREDRICK E. ANDERSON 

C. ANNIS 

E. S. ARMSTRONG 

CARL A. AUKERMAN 

JOHN G. AUSTIN 

S. D. BAI 

C. R. BAILEY 
RICHARD BALLARD 
P. K. BANERJEE 
SARKIS BARKHOUDAR1AN 
DONALD A. BARNES 
PHILIP BARTH 

LT. ANGELA BARTHOLOMEW 
RONALD L. BAUMAN 
LARRY BAWDEN, JR. 

JOHN W. BEHM 
RUDI BEICHEL 
DEENA K. BERKMAN 
JOHN H. BEVERIDGE 
BILIYAR N. BHAT 
VIVEK BHARGAVA 
WILLIAM BJORN DAHL 
BRIAN E. BLAIR 
DALE BLOUNT 

D. H. BLOUNT 
LAURENCE R. BOEDEKEF. 
WAYNE BORDELON 
BRUCE A. BOULANGER 
F. W. BRAAM 
WALTER BRANDON 
ANDREJA BRANKOVIC 
JAMES W. BRANS FORD 
KEVIN BREISWACHER 

C. E. BRENNEN 
WILLIAM J. BRINDLEY 
RICHARD W. BROWN 
FREDERICK W. BRUST 
PAUL C. BUCKMAWN 
R. W. BURKE 
DILIP K. CAHAUDHURI 
ALASTAIR CALDWELL 
J. L. CANNON 
ROBERT G. CARROLL 


JOHN CHAMBELAIN 
CHRISTOS C. CHAMIS 
Y. S. CHEN 
DONALD J. CHENEVERT 
JAMES CHIK 
DAVID L. CHRISTENSEN 
K. C. CIVINSKAS 
JAMES E. CLARK 
JOHN C. CLARK 
JOHNNIE J. CLARK 
MELISSA S. CLOUD 
JOE C. CODY 
ANTON COLES 
DONALD B. COOK 
R. A. COOPER 
ROY H. COOPER 
C. C. CORNELIUS 
GEORGE COX 
J. W. COX 
CHARLES COZEAN 
THOMAS CRUSE 
WINSTON M. CUAN 
LESLIE A. CURTIS 
BRAD DAILEY 
WILLIAM A.' DANIELS 
GARY F. DARGUSH 
GARY DAVIS 
JOE D. DAVIS 
RORY R. DAVIS 
ARTHUR J. DECKER 
RAND DECKER 
J. A. DICARLO 
WILLIAM DICKINSON 
CHARLES DILL 
ROBERT L. DOEBLER 
HARRY C. DODSON 
FRED J. DOLAN 
W. J. DOLAN 
ROBERT DOMINIC 

E. G. DONALD 
ROBERT DRESHFIELD 
ORVILLE E. DRIVER 
ALAN DROGE 
MICHAEL G. DUNN 
A. DYBBS 
MATTHEW C. EK 
DAVID ELROD 
WILLIAM J. EMRICH 


CHRIS M. ERICKSON 
GWYN FAILE 
KAREN 0. FARMER 
JOHN FARMER 
AL FERRENBERG 
MICHAEL FI GOFF 
STEVEN C. FISHER 
G. W. FLY 
ROYCE G. FORMAN 
T. H. FOX 
L. G. FRITZEMEIER 
MARK GAGE 
R. E. GAUGLER 
JAMES U. GAUNTNER 
JOHN GLAESE 
PAUL T. GOLLEY 
AMY GOOD 
GAIL H. GORDON 
SOL GORLAND 
CLAUDE E. GREEN 
JAMES M. GREEN 

K. W. GROSS 
ALSTON L . GU 
MICHAEL HAINS 
G. R. HALFORD 
DAVID 0. HARRIS 
JONATHAN B. HAUSSLER 
DONALD J. HAUTMAN 
LARRY HAWKINS 
THOMAS 0. HERBELL 
WILLIAM E. HILL 
ROBERT HOLLAND 
RICHARD R. HOLMES 

J. TAYLOR HOOPER 
WILLIAM H. HOOPER 
STEPHEN J. HUDAK 
DAVID HUDSON 
JAMES E. HUGHES 
ANGELIA JACKMAN 
BOB J. JACKSON 
CHARLES H. JACKSON 
DONALD M. JASSOWSKI 
ROBERT J. JENSEN 
TIMOTHY R. JETT 
JACQUELINE L. JOHNSON 
CLYDE S. JONES 
R. J. JONES 
JERROLD W. KANNEL 
JOHN E. KEBA 

L. A. KIEFLING 
FRANK KIRBY 
ZACH D. KIRKLAND 
THOMAS D. KMIEC 


W. H. KNUTH 
ART KOBAYASHI 
TOM KOGER 
RICHARD D. KRAMER 
AL KUDLACH 
ROBERT E. KUNTH 
G. D. LANIER 
J. K. LASZAR 
FEI PHILIP LEE 
HENRY LEE 
JAMES E. LEE 
BRIAN M. LEMPRIERE 
ROBERT LEON 
LARRY LEOPARD 
CURT LIEBERT 
0. LEON LINDSEY 
J. WAYNE LITTLES 
JOSEPH A. LOMBARDO 
RALPH F. LUFRIU 
WAYNE B. LUNN 
STUART G. MACDONALD 
GEORGE MADZSAR 
IURABINDRA MAHARAIRA 
LAUREN MAHORTER 
A. K. MAJUMDAR 
TINA W. MALONE 
JON MARAM 
STAN MARS IK 
DAVID E. MARTY 
M. D. MARVIN 
J. WAYNE MCCAIN 
JAMES C. MCCOMB 
HELEN MCCONNAUGHEY 
PAUL MCCONNAUGHEY' 
DAVIS MCDANIELS 
MICHAEL MCGAW 
C. MCKANNAN 
TIM MCKECHINE 
RALPH MCNEELY 
W. BRYAN MCPHERSON 
GREGORY M. MEAGHER 
JAY MEDLEY 
J. MELONAS 
TERRY MERRIMAN 
THOMAS G. MEYER 
CHARLES MEYERS 
WALTER MILLIGAN 
KATHRINE MIMS 
STEPHEN C. MITCHELL 
TOM MOBLEY 
BOBBY MONEY 
CARLETON MOORE 
LEWIS E. MOORE 



S. F. MOREA 

G. L. MORRISON 
JAMES MOSES 
STANLEY MOSIER 
JAMES D. MOORE 
AGNES MUSZYNSKA 
YNGVE NAERHEIM 
WILLIAM L. NAIL 

C. NELSON 
JAMES A. NESBITT 
BILL NEIGHBORS 

T. NESMAN 

D. T. NGUYEN 
THONG V. NGUYEN 
WILLIAM C. NIEBERDING 
CURT L. NICHOL 
ROGER D. NICHOLS 
SHERIF T. NOAH 
CHARLES O'BRIEN 

LT. GIL OCAMPO 
KEVIN O'HARA 
GENE O'NEILL 
TERRY OSBORN 
RICHARD A. PARR 
RANDY C. PARSLEY 
DONALD PAULUS 
LEIGH ANN PERKINS 
JOHN G. PERRY 
DWIGHT U. PHILLIPS 
THOMAS A. PIFF 
G. K. PLATT 
WILLIAM E. POOLE 
JOHN POOLEY III 
WILLIAM T. POWERS 
RICHARD J. PRIEM 
RICHARD QUENTMEYER 
PAUL RAMSEY 
WILLIAM L. REID 
CHRIS RHEMER 
DOUGLAS R. RICHARDS 
J. S. RICHARDS 
ROBERT J. RICHMOND 
SHELBY GLEN ROBERTS 
JIM ROBERTSON 
MARVIN ROCKER 
ROBERT P. ROGER 
MAX A. ROLER 
SANDERS ROSENBERG 
ROBERT ROWE 
JOHN RUMBARGER 
R. M. RYAN 
JIM A. RYMARCSUK 
VIRGIL A. SANDBORN 


ERIK SANDER 
WILLARD SANSCRAINTE 

C. F. SCHAFER 
ARTHUR L. SCHOLZ 
DEBORAH D. SCHMIDT 
LUKE SCHUTZENHOFER 
B. W. SCHACKELFORD 
WILBUR SHAPIRO 
JOHN A. SHIRLEY 

J. D. SIEGWARTH 
ASHOK K. SINGHAL 
DON SLOTEMAN 
LEONARD R. SMITH 
JEFF SOHASS 
KAREN SPANYER 

D. L. SPARKS 
LARRY L. SPARKS 
MICHAEL STALLCUP 
RODERICK STALLWORTH 
BRISCO STEPHENS 

F. STEPHENSON 
H. P. STINSON 
HELEN STINSON 
JOSEPH P. STRIZAK 
H. STRUCK 
SHAYNE SWINT 
MIKE H. TANIGUCHI 
LAWRENCE G. TANNER 
KEN TAYLOR 
JOHN M. THOLE 
JAMES THOMPSON 

R. L. THOMPSON 
H. P. TRINH 
KEVIN TUCKER 
H. UTVIK 

DONALD P. VALLELY 
DAVE VAN DYKE 

S. K. VERMA 

EDWARD J. VESELEY, JR 
GEORGE L. VONPRAGENAU 
DENNIS VRONAY 
WOODWARD WAESCHE 
W. S. WALSTON 
JAMES F. WALTON 2ND 
JOHN WARREN 
V. WEDEVEN 
N. L. WEEKS 
FRANK C. WEILER 
A. WEISS 

VINCENT A. WELDON 
CLYDE WILEY 
GILBERT WILHOLD 
JIM WILLIAMS 


G. E. WILMER 
BEN F. WILSON 
RICHARD E. WISTRAND 
KENNETH W. WOOD IS 
A. L. WORLUND 
DAVID E. WRIGHT 
JEROME L. WRIGHT 
S. T. WU 
G. M. YOUNG 
J. L. YUEN 
V. A. ZACCARDI 
JIM ZACKERY 
E. V. ZARETSKY 
R. ZERA 

JOE E. ZIMMERMAN 
ROBERT L. ZURAWSKI 



APPENDIX IV 


"Advanced Earth-to-Orbit Propuision Technology 1990, Volumes I. II and III" 
NASA Conference Publications 3092 


Table of Contents and Participant List 




NASA Conference Publication 3092 , Vol. I 

Advanced 

Earth-to-Orbit 

Propulsion 

Technology 

1990 

Volume I 

Edited by 
R. J. Richmond 
George C. Marshall Space Flight Center 
Huntsville , Alabama 

S. T. Wu 

The University of Alabama in Huntsville 
Huntsville, Alabama 


Proceedings of a conference held at 
NASA George C. Marshall Space Right Center 

Huntsville. Alabama 
May 15-17. 1990 


NASA 

National Aeronautics and 
Space Administration 

Office of Management 

Scientific and Technical 

Information Division 


1990 




VOLUME ONE 


TABLE OF CONTENTS 

FOREWORD 

OPENING REMARKS 1 

Welcome Address 

Thomas J. Lee. NASA/Marshall Space Flight Center 2 

Introduction 

Leonard Harris, NASA Headquarters 4 

Civil Space Technology Initiative Overview 

Geoffrey Giffin, NASA Headquarters 6 

NASA's CSTI Earth - to - Orb i t Propulsion Program: On-Target 

Technology Transfer to Advanced Space Flight Programs 

William J. D. Esther and Paul N. Herr. NASA Headquarters 

and Frank W. Stephenson, Jr., The Bionetics Corporation 8 

Earth - to -Orbit Propulsion Technology Directions 

J. L. Moses, NASA/Marshall Space Flight Center 20 

Earth - to - Orb i t Propulsion Technology Program Comments 

Anita D. Liang, NASA/Lewis Research Center 21 

Oxy gen/Hvdrogen Technology Test Bed Status Update 

J . S. Richards, NASA/Marshall Space Flight Center. 22 

STRUCTURAL DYNAMICS ' 

Probab iliscic Structural Analysis. P.eliabilitv and P*isk oi 
Critical SSME Components, T. A. Cruse, Southwest Research 
Institute. C. C. Chamis . NASA/LeRC. and K. R.. Rajagopai. 

Rocketdvne Division, Rockwell International 39 

Probabilistic Lifetime Strength of Aerospace Materials via 
Computational Simulation, L. Boyce. Div. of Engr . . University of 
Texas at San Antonio and C. C. Chamis, NASA/LeRC 58 

Robust Parametric Evaluation Procedures for Dynamic Response of 
AnisotroDic Structures. W. Tworzvdlo . J. T. Oden. S. Vadaketr.. 

C. Berry and J. Bass, Computational Mechanics Co 2 2 

Predictive Schemes for Turbomachinery Cavity Resonances. M. J. 

Lucas and K. Plotkin. Wvle Laboratories 8/ 

ORIGINAL PAGE m 
OF POOR QUALITY 


materials development evaluation 


Influence of Metallurgical Farmrc i-u~ n 

440C Bearings . H. A. f ai “ T TT" ° r «SI 

A. Haluck . H. R Nesor. Prats VuLneT . . S °"; ° 

High -Temperature Thermal Properties of UNS S 44004 Using 
a«^T C AnaiySiS - L ’ J F reiberger and J . w. Bradford 

F-itute of 

Coefficient ot Sliding Friction of 440C as a Function of 
Temperature , A. j. Sllfka, J. D. Siegvarth. L L Sparks T , 

InstitutJ of^t 1 Er ‘ 5 H lneer - n 5 lienee Division. National 

- K : — 

Institute or Standards A Technology ' NaClonai 

Development of High Strength Tungsten Alloy Wire, Y. J Park 
Phillip ^Lighting c °r~ ^nter and 1 . K. Anderson. ^ 

S^VnT?™ °i Wire DisCribution on the Thermal Conductivity of 
n Lf 1 ™! faction w-Vire Reinforced Cooper Comoosites R I 
Dreshf leld and L. Westfall. NASA/LeRC . ^ Omposices - R - L - 

CoZr C - bUi ?’ ° f H ' Vdrocarbon ^els with Booster Engine 
Combustion Cnamoer Liners (II), S. D. Rosenberg, M L Gage and 
G. D. Homer. Aerojet TechSvstems 6 ' ' g 

Improved LOX/GOX Compatible Composite Materials R Jones ~ 
Kovama and C W i ^ ■ * Jones - j. . 

Division. . T *‘* SpaC£ and Derensfc - Applied Technology 


. 99 


.100 


. 113 


123 


149 


161 


173 


manufacturing . 


T^bines 00 ^^ 1 ”" iOT o Ff-'“ cea Earth- to-Orbit Rocket Engine 
WaM G V, ST"' a Eskrid 5e. G. M. Holloway. K. Quinn . 
Research & Development and R ' Sid e h . <=E Corporate 


Ceramic Composites for Advanced Earth 
Turbines, J. V . Brockmever and G. D. 
Division. Rockwell International. 


-to-Orbit Rocket Engine 
Schnittgrund. Rocketdvne 


Compatibility of Selected Ceramics 
Hydrogen, T. P. Herbell, NASA/LeRC 
Misra, Sverdrup Technology Inc. 


in High Temperature Gaseous 
£nd A. J. Eckel and A. K. 


199 


. 200 


.214 


.228 



Thermal Shock of Selected Ceramic Composites in a Rocket Engine 
Environment, A. J. Eckel, Sverdrup Technology, Inc. and T. P. 

Herbell, NASA/LeRC 242 

Vacuum Plasma Sprayed NARloy Z, J. R. Wooten and T. N. 

McKechnie . Rocketavne Division, Rockwell International 251 

INSTRUMENTATION I 261 

Status of OPAD Program Instrumentation, W. T. Powers, NASA/MSFC , 

V. A. Zaccardi and Fred Sherrell, AEDC/Sverdrup Technology 262 

Summary of Data from OPAD Program, T. L. Wallace. AEDC/Sverdrup 
Technology Inc., and A. E. Cooper. NASA/MSFC 285 

Testing of Thin Film Thermocouples on Space Shuttle Main Engine 
Turbine Blades . L. C . Martin A*, r . Hepp and W . S . Kim, 

NASA/LeRC 3 ® 4 - 

Thin Film Heat Flux Sensor. H. Will. NASA/LeRC 310 

Measurement of Heat Flux in SSME Turbine Blade Tester. H. 

Liebert, NASA/LeRC 

Heat Flux Sensors - Where Are We?, A. Dvbbs , Mech. Engr . Dept. . 

Case Western Reserve University .... .331 

Non- intrusive Hot Gas Temperature Sensing for Advanced Rocket 
Engine Applications, L. M. Wyett, H. Darejeh and J. R. McManus. 

Rocke tdvne Division. Rockwell International .35^ 

Development of Fiber Optic Raman Diagnostics rcr SSME. Preburner 
Temperature Measurements. J. A. Shirley and D. Chit, mi ted 
Technologies Research Center 

Non- Intrusive Flowmeters for Rocket Engines, B. L. Szemenvei and 
S. Bark'noudar ian . Rocketavne Division. Rockwell International . . . .3/6 

Vortex Shedding Flowmeters for SSME. J. D. Siegwarth, National 
Institute of Standards and Technology .382 

INSTRUMENTATION II 395 

Electric Field and Radio Frequency Emissions Measurements for 
the Diagnostic Testbed Facility Thruster and the SSME, E. L. 

Valenti. Sverdrup Technology, Inc 39 ^ 

Spectral Studies of SSME Materials in a H2-02 Exhaust Plume, C- . 

D. Tejwani, J. A. Loboda. D. G. Gardner and D. B. Van Dyke. 

Sverdrup Technology, Inc. and D. J. Chenevert , NASA/SSC 4 08 

ORIGINAL * 

OF POOR QUAUIY 


Laboratory Measurements for the Feasibility of Exit Plane Laser 
Diagnostics, J. A. Shirley and L. R. Boedeker, United 

Technologies Research Center 423 

Emerging Results of a Combined Optical Multichannel Anaivzer and 
Video Imaging System from SSME Tests at Stennis Space Center. D. 

G. Gardner. F. E. Bircher. G. D. Teiwani and D. B. Van Dyke. 

Sverdrup Technology, Inc. and D. J. Chenevert . NASA/SSC 434 

Ground-based and In-Flight Leak Detection for Rocket Engines. B. 
Szemenvei , R. Delcher,. M. Randall. E. Schmidlin, and S. 

Barkhouaarian , Rocketdvne Division, Rockwell International 452 

Development of a Fiber-Optic Based Laser Anemometer for Space 
Shuttle Main Engine (SSME) Applications. D. Modarress and D. 

Lee, Physical Research Inc 45^ 

Optical Inspection of Propulsion System Components Using 
Heterodyne Holographic Interferometrv -- A Proiect Summary A. 

J. Decker and K. E. Wei land. NASA/LeRC ^74 

A Technique for In-situ Diagnostics of Piezoelectric Sensors. P. 

M. Flanagan and W. J. Atherton, Cleveland State University 488 

Fiber-Optic Phase - stepping Interferometry for Analysis of Space 
Shuttle Main Engine (SSME) Components, C. R. Mercer and G. 

Beheim. NASA/LeRC 5 qq 

CONTROLS 50g 

A Framework for Intelligent Control cf Reusable Rocket Engines. 

E. Nemeth. Rocketdvne Division. Rockwell International and V 
Merrill. NASA/LeRC 

A Framework for Real-Time Rocket Engine Diaznostics . 7.-H. c-uc 

and V. . Merrill. NASA/LeRC 524 

Advanced Control Modes for the Space Shuttle Main Engine. J. L. 

Musgrave . NASA/LeRC "... 534 

Life Extending Control. C. F. Lorenzo and W. C. Merrill 

NASA/LeRC 5 4 6 

Neural Network Applications to Intelligent Control Systems, T. 

Troudet. Sverdrup Technology, Inc. and W. C. Merrill. NASA/LeRC . . .559 

Space Shuttle Main Engine (SSME) Real-Time Failure Detection 
Algorithm, H. V. Panossian. V. Kemp and S. J. Eckerling, 

Rocketdvne Division, Rockwell International 574 



Implement at ion of Real-Time Failure Control for the Space 
Shuttle Main Engine. B. W. Maynard, Jr., Rocketdyne Division, 

Rockwell International 604 

Rocket Engine Transient Simulation System. J. R. Mason, C. R. 

Byrd. R. W. Parham and T. J. Roadinger, Pratt & Whitney 612 

Discrimination of SSME Signatures via the Divergence, J. Pooley, 

W. Thompson and V. Teo'n. SPARTA. Inc. and J. McBride and J. 

Jones, NASA/MSFC 625 

WORKSHOP HYDROGEN TEST STANDARDIZATION 637 

Hvdrogen Test Standardization Workshop Summary 638 

LIST OF PARTICIPANTS 643 

APPENDICES 662 

Table of Contents of Volume II 663 

Table of Contents of Volume III 667 

Author Index 67i 



VOLUME TWO 


TABLE OF CONTENTS 


FOREWORD 


TURBOMACHINERY I 


Vacuum Plasma Spray Forming Narloy-Z and Inconel 718 Comoonents 
tor Liquid Rocket Engines, R. R. Holmes and D. H. Burns,’ 

NASA/MS FC , and T. N. McKechnie Rocketdyne Division, Rockwell 
International 


Evaluation of Powder Metallurgy Alloys in Gaseous Hydrogen, J. 
E. Heine, J. R. Warren and B. A. Cowles, Pratt & Whitney. 

Liquid Oxygen, Hydrocarbon & Hydrogen Turbomachinery Technology 
Program, A. Csomor and R. F. Sutton. Rocketdyne Division 
Rockwell International 


Nondestructive Evaluation of PWA 1480 Single Crystal Material 
S. J. Klima. Sverdrup Technology, Inc.. 


Propulsion Validation Facilities at the Marshall Space Flight 
Center, J. Heaman, NASA./MSFC 


Brush Seal Configurations for Cryogenic and Hot Gas Applica- 
tions, R. C. Hendricks, NASA/LeRC. M. J. Braun, University of 
Akron and R. L. Mullen, Case western Reserve University 


Vibration Dampers for 
Dept, of Mech. Engr. , 
NASA/LeRC and E. Oian, 
Texas A 6c M University 


Cryogenic Turbomachinery. A. B. Palazzo 
Texas A 6c M University, A. F. Kascak , 

A. Sved Ibrahim, Dept, of Mech. Engr. 


10 . 


Seal -Rotordynamic -Coefficient Test Results for a Model SSME ATT 
HPFTP ^urbine Interstage Seal With and Without A Swirl Braxe . 1 
.Childs and C. Ramsey, Turbomachinery Laboratory, Texas a & M 


. 1 


.2 

16 


30 

46 

58 


78 


91 


. 106 


TURBOMACHINERY II 

119 

Nonlinear Rotordynamics Analysis, S. T. Noah. Y. B. Kim and I. 

F. Chiang, Dept, of Mech. Engr., Texas A 6. M University 120 


Hydrostatic Damper For The 
Pressure Oxidizer Turbopump 
Scharrer, and R. F. Beatty, 
International .... 


Space Shuttle Main Engine (SSME) High 
(HP0TP) , D. G. Goggin, J. K. 
Rocketdyne Division, Rockwell 


. 147 


NASA/MSFC 6ar ^ n ^ S ^° r ^ ur k° mac ^ ner y ’ G - L. von Pragenau 


.155 


Aeroeiastic Stability Charac ter is tics of High-Energy Turbines. 
T. E. Smith. Sverdrup Technology, Inc 


163 


Asynunetry and Damping Seal Effects on Simple Rotor Stability, K. 

M. Funston, NASA/MSFC 180 

Damping Seal Designs for HPOTP Rotor Supports, J. Tecza, 

Mechanical Technology, Inc., ?. Buckman. Aerojet TechSvstems and 
0. Pinkus , Sigma Tribology Consultants 193 

The Effects of Internal Rotor Friction on Rotor System 

Stability, A. Artiles, j. Dill, and F. Cillham, Mechanical 

Technology Inc 205 

Internal Rotor Friction Instabiitv in the SSME HPOTP, J. Walton. 

J. Dill and E. 2orzi. Mechanical Technology Inc 220 

Rotordynamic Forces Generated by Discharge - to - Suction Leakage 
Flows in Centrifugal Pumps. A. Guinzburg, C. E. Brenner. , A. J. 

Acosta and T. K. Caughev , California Institute of Technology. 

Division of Engineering and Applied Science 233 

Test Results for Rotordynamic Coefficients of the SSME HPOTP 
Turbine Interstage Seal With Two Swirl Brakes. D. W. Childs, E. 
Baskharone and C. Ramsey, Turbomachinery Laboratory, Texas A & M 
University 246 

TURBOMACHINERY III 260 

Computational Methods for Probability of Instability Calcula- 
tions. Y.-T. wu and 0. H. Burnside, Southwest Research Institute. .261 

Design and Flow Field Evaluation or a SSME High Pressure Fuel 
Turbopump. J. L. Cannon. NASA/MSFC. 3. Yafidis and J. H. 

White law. Dept, of Mec'n. Engr . . Imperial College of Science. 

Technology and Medicine 272 

3D Turbopurap Flowfiela Analysis - Validation of the Steady 
Cascade Version of R0T0R3 , L. W. Griffin, NASA/MSFC, K. A. 

Belford, 0. P. Sharma, and R. H. Ni , Pratt 6c Whitney 289 

Measurement and Analysis of Turbulent Flow in a 180-Degree 
Turnaround Duct, P. K. McConnaughey , NASA/MSFC. D. J. Monson. H. 

L. Seegmiller. Ames Research Center, and Y. S. Chen. SECA. Inc. . . .304 

Cold Flow Turbine Testing at the Marshall Space Flight Center. 

W. J. Bordelon, Jr. andW. J. Kauffman, Jr., NASA/MSFC 318 

Heat Transfer and Pressure Measurements for the SSME Fuel-Side 
Turbopump, M. G. Dunn, Calspan-UB Research Center 333 

ORIGINAL PAGE IS 
OF POOR QUALITY 



Three-Dimensional Rotor Heat Transfer, M. F, Blair and R. P. 
Dring, United Technologies Research Center 


360 


Numerical Evaluation of Single Central Jet for Turbine Disk 
Cooling, M. R. Subbaraman. A. D. Hadid, Rocketavne Division, 
Rockwell International, P. K. McConnaushev and K K. Mims 
NASA/MS FC ' ' 


BEARINGS I 

Closed-Form Solution for Hoop Stress in a Ball-Race Contact, E. 

^ ■ Zaretsky. ..ASA/LeRC and R. August, Sverdrup Technology, Inc. 

Six Degrees of Freedom Dynamic Modeling and Finite Element 
Analyses of Cryogenic Turbopump Bearing Cages, J. Moore. J, Codv 
and D. Marty. SRS Technologies 

Improved Analysis of High Speed Turbulent Hybrid Bearings, L. A. 
San Andres. Mech. Engr . Dept. . Texas A & M University 

Analysis of Foil Bearings for Cryogenic Applications. M. 

Carpino, Dept, of Mech. Engr., Pennsylvania State University. 

Design of a Highly Efficient Magnetic Bearing for Cryogenic 
Applications. C. R. Meeks, S. D. Schwartz, and V. Spencer, AVCON 
Advanced Controls Technology, Inc. and A. Kascak, NASA/LeRC 

An SEM/AES/XPS Tnbometer for Cryogenic and Space Environments , 
Y. Naerheim. Rockwell International Science Center 

Battelle Sell - Lubricating Insert Configuration (BASIC) Retainer, 

J. W. Kannel. J. B. Cleeson and K. F. Duf rane . 3attelle Columbus 

Laboratories 

Evaluation of Self - Lubricating Insert Materials and the BASIC 
^■ eca ^ ner ’ ~ S. Gleeson. J. W. Kannel and S. A. 3arDer . •'» F. 
Dufrane . Battelle Columbus Laboratories 


. 386 
. 387 

.400 

414 

.432 

.442 

.456 


. 465 


.479 


BEARINGS II 

Stress Corrosion Cracking Testing of 440C Bearing Material, S. 
E. McVey and R. F. Beatty, Rocketavne Division, Rockwell 
International 

Improved Bearing Alloys for Cryogenic Applications, R. J. 
Shipley, Compressor Components Textron , * Materials and 
Manufacturing Tech. Center and B. N. Bhat, R. L. Thom and F J 
Dolan, NASA/MS FC 

Evaluation of Materials and Surface Treatments for SSME HPOTP 
Bearings, L. Wedeven and N. C. Miller, Wedever. Associates 


.493 


.494 


. 506 
.524 


e 


PRKSJim pagc ,«j 

OF POOR QUALITY 


Reactively Sputtered Coatings for Bearing Applications, W. D. 
Sproul, BIRL Industrial Research Laboratory of Northwestern 
University 


Space Shuttle Main Engine (SSME) High Pressure Oxidizer 
pump (HPOTP) Bearing Reliability Study, J, H. Rumbarger, 
Franklin Research Center, Division of Arvin/Calspan and 
Driver and S. J. Wofford, Calspan/MSFC Operations 


Turbo - 

0 . 


Marshall Space flight Center Bearing Tester Results, J. L. 

^ n ° n ’ F \ J ' Dolan ' a nd H G. Gibson, NASA/MSFC and J. C Codv 
SRS Technologies 


^ Feasibility Study For The Application Of High Temperature 
Superconducting Bearings To Rocket Engine Turbopumps, James 
Dill. Dantam K. Rao , Mechanical Technology Inc., and Rudol- 
Decher, NASA/MS F 


F. 


The Incorporation of RP-1 Rheological Data Into the "Shaberth 
searing Code and a Discussion of the Traction Mode 1 f m 
woods, NASA/LeR 


LIST OF PARTICIPANTS 

APPENDICES 

Table of Contents of Volume I 
Table of Contents of Volume III 


Author Index 



VOLUME THREE 


TABLE OF CONTENTS 


FOREWORD 


FLUID AND GAS DYNAMICS 

Development of a Non- isotropic Multiple - Scale Turbulence Model, 

C. P. Chen and K. L. Guo, Dept, of Mech. Engr., The University 
of Alabama in Huntsville and C. F. Schafer, NASA/MSFC 2 

Two Dimensional Navier - Stokes Heat Transfer Analysis of Turbine 

Blade Heat Transfer, R. J. Boyle, NASA/LeRC . 13 

High Reynolds Number Heat Transfer Experiment, F. C. Yeh , I. 

Lopez and S. A. Hippensteele , NASA/LeRC 26 

A Generalized Multi -Block Capability for the INS3D Incompres- 
sible Navier-Stokes Solver, Y. M. Kim and B. Gatlin, NSF Engr 
Res. Center for Computational Field Simulation, Mississippi 
State University. 

J 

Fluctuating Pressure Behavior in Pump Diffusers and Collector 
Scrolls, D. P. Sloteman , Ingersoll -Rand Co 

Current Developments in Grid Generation for Complex Configura- 
tions: EAGLE, J. F. Thompson, B. Gatlin and M. K. Wolverton, 

NSF Engineering Res. Center for Computational Field Simulation 
Mississippi State University ’ 


IGNITION/COMBUSTION PROCESSES I 


^ Preliminary Survey of Work Related to High 
tion Stability Prediction Since 1972. J. Hutt 
Schafer, NASA/MSFC 


requency Combus - 
M. Fisher and C. 


Coaxial Injector Stability Characteristics , R. J. Jensen. S. E. 

an ^ H. Dodson, Rocketdyne Division, Rockwell 
International ...... 


HICCIP Status and Plans, R. J. Priem, Preim Consultants, Inc 
and K. J. Breisacher, NASA/LeRC 

Stability Testing of a Modified Space Shuttle Main Engine, H. 
Dennis, J. Hutt and T. Nesman, NASA/MSFC ' 

Liquid Fueled Rocket Engine Performance Codes (Capabilities and 
Required Upgrades) , K. W. Gross, NASA/MSFC 


76 


. 77 


. 94 
.112 
. 126 
.146 


. 164 


Exit: Plane Spectrometer for Species Observation in the SSME R 
Esknage and C. Dobson, NASA/MS FC 


Heavy Hydrocarbon Main Injector Technology, L M Tueeel 
E, Dodd. Rocketdyne Division. Rockwell International. 


and F . 


Statistical Experimental Design 
acterization Testing, K. Erland 
Pratt & Whitney 


Applied to Rocket Engine Char- 
F. Henderson, and T. Kmiec , 


.174 


. 194 


IGNITION/COMBUSTION PROCESSES II 


Validation of the Rocket Combustor Interaction 
Methodology, J. L. Pieper, J. A. Muss, Aerojet 
M. D. Klem , NASA/LeRC 


Design (ROCCID) 
TechSystems and 


Liquid-Oxygen Cooling of Hydrocarbon- Fueled Rocket Combustion 
am ers , t. . Armstrong and J. A. Schlumberger , NASA/LeRC 


Alternate Main Combustion Chamber Design Concect 
Shuttle Main Engine. K. Tygieiski and R. Counts, 


for Space 
NASA/MS FC . 


Recent Advances in LOX/Hydrocarbon Thrust 
C. Volkmann, Rocketdyne Division, Rockwell 


Chamber Technology, 
International. 


J . 


Resonant Absorption and Emission Measurements 
m the SSME Exit Plane, C. C. Dobson and R H 
NASA/MSFC 


of Atomic 
Eskridge , 


Sodium 


Fabrication and Preliminary Evaluation of Tungsten 
forced Copper Composite Combustion Chamber Liners. 
Westfall and D. W. Petrasek. NASA/LeRC. 


Fiber 
L. J. 


Rein- 


Formed Platelet Liner Concept 
w. M. Burkhardt. S. E. Tobin. 
TechSystems Co . 


for Regenerative Cooled Chambers 
and H. H. Mueggenburg. Aerojet 


.206 

. 207 
.222 
.236 
.245 

.262 

.269 

. 288 


FATIGUE/FRACTURE/LIFE PREDICTION I 


Cumulative Creep Fatigue Damage Modeling. M. A. McGaw , NASA/LeRC. 


Fatigue Behavior of 
Tensile Mean Stress, 
A. McGaw, NASA/LeRC 


PWA 1480 Single Crystal in the Presence of 
S. Kalluri. Sverdrup Technology Inc. and M. 


Notched Fatigue of a Single Crystal Turbine Blade Alloy T G 

pS"i U Si“” eChn ° lOSUS , ReSearCh * Ni«u y , 


Elevated Temperature Crack Growth, R. H. 
Kim, General Electric Aircraft Engines. 


Van Stone and K. S. 


.297 

.298 

.319 

.332 

.345 



Micro Stress Analysis of Periodic Composites. K. Walker, 
Engineering Science Software, Inc., A. D. Freed, NASA/LeRC, and 
E. H. Jordan, University of Connecticut 

Nonlinear Structural Analysis of Cylindrical Thrust Chambers 
Using Viscopiastic Models, V. Arya, University of Toledo. 

Life Prediction of a Coated Single Crystal Turbine Blade 
Alloy, D. M. Nissley. Pratt and Whitney 


FATIGUE/FRACTURE/LIFE PREDICTION II 

NASCRAC Verification Efforts: Through Cracks at Holes and 

Through Cracks in Cylinders, C. D. Wilson, R. Stallworth, H. C. 
Stinson and C. A. Meyers. NASA/MS FC 


Generation and Use of 3D Influence Functions bv Use of the 
NASCRAC Computer Code. D. D. Dedhia. R. A. Sire and D. 0. 

Harris . Failure Analysis Associates. Inc 

Probabilistic Service Life Analysis for Advanced Propulsion 
Systems. T. Watkins, Jr. and C. Annis , United Technolgies , Pratt 
and Whitney 

Hydrogen Environment Enhanced Fatigue Crack Propagation in 

’ L ■ Ganglof f . Dept, of Materials Science. University 

of Virginia 

An Analysis of Multiple -Cycle Proof Testing Based on J- 
Resistance Curves, R. C. McClung, S. J. Hudak, Jr. Southwest 
Research Institute and D. A. Russell, Rocketdvne Division, 
Rockwell International 


WORKSHOP: EFFICIENT ENGINE OPERATIONS. 


Supplanting The Conventional Wisdom N-Engine Propulsion System 
with a Networked- Subsystems Unitary Engine Approach. W. J. D 
Escher, NASA HQ 


Operationally Efficient Propulsion Systems. G. S. Wong and G. S. 

Waldrop, Rocketdvne Division, Rockwell International and R. E. 

Rhodes and W. J. Dickinson. NASA/KSC 540 

Advanced Propulsion - The Key to Airline -Like Operation of ETO 
Vehicles. C. J. O'Brien, GenCorp Aerojet TechSystems 558 

Designing Liquid Rocket Engines for Operationally Efficient Pro- 
pulsion Systems, D. R. Lemoine, Pratt & Whitney Space Propulsion. . .575 


ORIGINAL PAGE IS 
OF POOR QUALITY 


LIST OF PARTICIPANTS 

APPENDICES 

Lsbl© of Concents of Volume I 
Table of Contents of Volume II 
Author Index ... 


.588 

.607 

.608 

613 


617 



LIST OF PARTICIPANTS 


PETER AIELLO 
3M, CORP. 

1001 HAZELWOOD AVE . 

SAN JOSE, CA. 95125 

PRAVIN AGGARWAL 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER , AL 35812 

JAMES K. ANDERSON 
PHILIPS LIGHTING COMPANY 
1560 LISBON ROAD 
LEWISTION , MAINE 04240 

C. DALE ANDREWS 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

ARNOLD D. ALDRICH 
NASA HEADQUARTERS 
MS : CODE R 

WASHINGTON DC, 20546 

BRENDA L. LINDLEY- ANDERSON 
EP 52 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

MS. ELIZABETH S. ARMSTRONG 
NASA/LEWIS RESEARCH CENTER 
MS 5310/500-219 
21000 BROOKPARK ROAD 
CLEVELAND, OHIO -*4135 

CHARLES I. ASHMORE 
TECHNICAL ANALYSIS INC. 

555 SPARKMAN DRIVE, SUITE 410 
HUNTSVILLE, AL. 35816 

RICHARD BALLARD 
SVERDRUP TECHNOLOGY 
MS: MP5 

620 DISCOVERY DRIVE 
HUNTSVILLE, AL. 35860 


MIKE BANGHAM 

McDonnell douclas 
689 DISCOVERY DR. 

HUNTSVILLE. AL. 35806 

CHRIS BARBER 
SVERDRUP TECHNOLOGY 
MS: MPO 

620 DISCOVERY DRIVE 
HUNTSVILLE, AL. 35806 

BART BARIS A 
NASA/MS FC 
MS: HA21 

MARSHALL SPACE FLIGHT CENTER, AL. 3581 

JOHN L. BEASLEY 
CP 11 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 3581 

JOE H. BERROTERAN 
AEROJET TECHS YSTEMS 
MS: 9915/2019 
P.O. BOX 13222 
SACRAMENTO, CA . 95813-6000 

CHRISTOPHER BERRY 
COMPUTATIONAL MECHANICS CO.. INC. 

7701 NORTH LAMAR , SUITE 200 
AUSTIN. TEXAS 78752 

RICHARD H. BECKMAN 
EB 42 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 3581 

DANIEL BEYMER 
SVERDRUP TECHNOLOGY 
PROPULSION DEPT. 

620 DISCOVERY DRIVE 
HUNTSVILLE, AL. 35806 

B. N. BHAT 
EH 23 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 3581 


FELIX E. BIRCHER 
SVERDRUP TECHNOLOGIES, INC. 

SSC GROUP 
BLDG. 2109 

STENNIS SPACE CENTER, MISSISSIPPI 19529 

RON BIRDS CAK 

FAG BEARINGS CORPORATION 

118 HAMILTON AVE. 

STAMFORD, CT. 06904 

WILLIAM D, BJORNDAHL 
TRW 

MS: 01/2040 

ONE SPACE PARK 

REDONDO BEACH, CA , 90278 

MICHAEL F. BLAIR 

UNITED TECHNOLOGIES RESEARCH CENTER 
MS: 16 
SILVER LANE 

EAST HARTFORD, CT . 06108 

WAYNE J. BORDELON, JR. 

ED 33 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

CHARLES E . BOUDREAU 
ALLIED SIGNAL AEROSPACE 
4717 UNIVERSITY DR. 

SUITE *108 

HUNTSVILLE. AL. 35816 
LOLA BOYCE 

THE UNIVERSITY OF TEXAS AT SAN ANTONIO 
DIVISION OF ENGINEERING 
SAN ANTONIO. IX. 78285 

FRED BRAAM 
EP 52 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 
AL BRANDTS 

MARTIN MARIETTA ASTRONAUTICS GROUP 
MS: G1630 
P.O. BOX 179 
DENVER. CO. 80201 


JAMES W. BRANS FORD 

NATIONAL INSTITUTE OF STANDARDS & TECHNOLC 

MS: 583.00 

325 SOUTH BROADWAY 

BOULDER. COLORADO 80303 

CHRISTOPHER E. 3RENNEN 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
MS: 104-44 

PASADENA. CA. 91125 

JOHN W. BRUNSON 
EB 42 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

WENDEL SURKHARDT 
AEROJET TECHSYSTEMS 
P.O. BOX 13222 
SACRAMENTO . CA . 95813 

R.U. 3UCKMAN. JR. 

WESTINGHOUSE ELECTRIC CORPORATION 
BLDG. 9 

P.O. BOX 10864 
PITTSBURGH, PA. 15236 

BARRY L. BUTLER 

SCIENCE APPLICATIONS INTERNATIONAL COR? 
4161 CAMPUS POINT COURT 
SAN DIEGO. CALIFORNIA 92121 

CHARLES R. BYRD 
PRATT & WHITNEY 
MS: 731-96 

P.O. BOX 109600 

WEST PALM BEACH. FLORIDA 33410-9600 

JAMES L. CANNON 
EP 62 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35312 
MARC CARPINO 

PENNSYLVANIA STATE UNIVERSITY 
203 A MECHANICAL ENGINEERING 
UNIVERSITY PARK, PA. 16802 

TERRY CARROLL 
McDonnell douglas 
MS: 12B2 

689 DISCOVERY DR. 

HUNTSVILLE. AL. 35806 


ORIGINAL PAGE IS 
OF POOR QUALITY 



C.c. CHAMIS 

NASA/LEWIS RESEARCH CENTER 
MS: 5210/49-8 
21000 BR00KSPARK ROAD 
CLEVELAND. OHIO 44135 

DILIP CHAUDHURI 
MECHANICAL ENGINEERING DEPT. 

NASHVILLE, TN. 37209 

DONALD CHENEVERT 
NASA/SSC 

CODE HA20, BLDG. 1100 

STENNIS SPACE CENTER. MS. 39529 

DR. DARA CHILDS 
TEXAS A&M UNIVERSITY 
TURBOMACHINERY LABORATORIES 
MS: 3123 

COLLEGE STATION. TEXAS 77843 

HERBERT A. CHIN 
PRATT & WHITNEY 
MS/ 706-06 
P.O. BOX 109600 

WEST PALM BEACH. FL. 33410-9600 

MINGKINC K. CHYU 
CARNEGIE MELLON UNIVERSITY 
DEPT. OF MECHANICAL ENGINEERING 
FREW ST. - SCAIFE HALL 
PITTSBURGH, PA. 15213 

DON CLARK 
MARTIN MARIETTA 
MS: SA31 
P.O. BOX 9008 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

JOHNNIE J . CLARK 
EH 44 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 
ROY CLARK 

ROCKWELL INTERNATION/ROCKETDYNE DIVISION 

MS : WB09 

6633 CANOCA AVE. 

CANOGA PARK, CA. 91303 


JOE C. CODY 
SRS TECHNOLOGIES 
990 EXPLORER DRIVE 
HUNTSVILLE. AL 35816 

THOMAS COFFIN 

WYLE LABS 

DEPT. 572 

P.O. BOX 070011 

HUNTSVILLE. ALA. 35807-7011 

FRED P. CONE 
PRATT & WHITNEY 
MS: 706-08 
WEST PALM BEACH. FL. 

DR. RICHARD T. CONGO 
NASA/MS FC 
MS: EH32 

BLDG. 4612 ROOM 1501C 

MARSHALL SPACE FLIGHT CENTER, AL. 3581 
L.P. COOPER 

NASA/LEWIS RESEARCH CENTER 
MS: 5310/500-219 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

C. C. CORNELIUS 
EP 61 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

JAMES COSTON 
NASA/MS FC 
MS: EH22 

BLDG. 4612 ROOM 1310 

MARSHALL SPACE FLIGHT CENTER. AL. 35S1 

BRAD COWLES 
PRATT 6 WHITNEY 
MS: 707-22 
P.O. BOX 109600 

WEST PALM BEACH. FL. 33410-9600 
DELBERT COX 

McDonnell douclas space systems 

MS: 7lAl 

689 DISCOVERY DRIVE 


GEORGE COX 
PRATT Qt WHITNEY 
MS: 715-89 

P.O. BOX 109600 

WEST PALM BEACH . FL. 23410.9600 

CHARLES L. CCZELOS 
EB 42 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER , AL 25812 

CHARLES D . CROCKETT 
EL 53 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. aL 25812 

DR. THOMAS A. CRUSE 

SOUTHWEST RESEARCH INSTIT"T r 

DIVISION 06 

6220 CULEBRA ROAD 

P.O. DRAWER 28510 

SAN ANTONIO. TEXAS 7S228-C510 

ARPAD CSOMOR 

ROCKWELL INTERNATI ONAL/ROCKETDYNE DIVISION 

6633 CANOGA AVENUE 
CANOGA PARK, CA. 91303 

MINH V . DANG 
TECHNICAL ANALYSIS INC. 

555 SPARKMAN DRIVE 
HUNTSVILLE, AL. 35816 


ARTHUR J. DECKER 

NASA /LEWIS REARCH CENTER 

MS: 77-1 

21000 BROOKPARK ROAD 
CLEVELAND . OHIO 44135 

HENRY J. DENNIS JR 

EP 62 

NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. .AL 2581' 

CHARLES L. DENNISTON 

ED 25 

NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

WILLIAM J DICKINSON 
NASA/KENNEDY SPACE C r NT r R 
MS: PT-FLS “ 

KENNEDY SPACE CENTER 
iITUSVILLE, FLORIDA 32899 

DR. JAMES F. DILL 
MECHANICAL TECHNOLOGY INC 
968 ALBANY- SHAKER RD . 
latham. ny 12110 

DEBORA DINKINS 

ROCKUEIi interkational/rocketdyne division 

555 DISCOVERY DR 
HUNTSVILLE. AL. 35806 


MARK DARDEN 
ED 14 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENT r R 15 m 

RON DAVEPORT 
ED 25 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 3581’ 

DR. CRETAN DATE 
ALLIED-SIGNAL AEROSPACE CO 
MS: 93-339/503-4A 

P.O. BOX 5217 
PHOENIX. A2 . 85010 


DR. P.J. DISIMILE 
UNIVERSITY' OF CINC 
MS : 70 

DEPT. OF AEROSPACE 
CINCINNATI . OHIO 


innat: 

engineering 


- r RED J. DOLAN 
EH 14 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTE 

ROBERT DOYLE 

NASA/LEWIS RES EACH CENTER 
21000 BROOKPARK ROAD 
CLEVELAND, OHIO 44135 


35812 



L. DRESHFIELD 

NASA/LEWIS RESEARCH CENTER 
MS: 5120/49-3 

21000 BROOKPARK ROAD 
CLEVELAND, OHIO 4^.135 

ORVILLE E, DRIVER 
CALS PAN 
BLDG. 4708 

MARSHALL SPACE FLIGHT CENTER. AL . 35811 

SUSAN M. DUMBACHER 
UNIVERSITY OF CINCINNATI 
MS: 70 

CINCINNATI. OHIO 45221 

MICHAEL G. DUNN 

CALS PAN U.B. RESEARCH CENTER 

P.O. BOX 400 

BUFFALO, NEW YORK 14225 
ALEXANDER DYBBS 

CASE WESTERN RESERVE UNIVERSITY 
DEPT. MECHANICAL ENGINEERING 
CLEVELAND. OHIO 44106 

DR. ERIC EARHART 
ED 14 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 
ANDREW ECKEL 

SVERDRUP TECHNOLOGY, INC. 

NASA/LERC 500-219 
21000 BROOKPARK RD . 

CLEVELAND, OH. 44135 

NORMAN ELFER 

MARTIN MARIETTA 

MS: 3573 

P.O. BOX 29304 

NEW ORLEANS. LA. 70189 

WILLIAM J.D. ESCHER 
NASA HEADQUARTERS 
CODE RP 

WASHINGTON. DC 20546 
RON ESKRIDGE 

GENERAL ELECTRIC AIRCRAFT ENGINES 
MS/A311 
1 NEUMANN WAY 
CINCINNATI. OHIO 45215 


RICHARD H. ESKRIDGE 
EP 55 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

GWYN C. FAILE 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

JIM FINSETH 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DRIVE 
HUNTSVILLE. AL 35806 

STEVE FISHER 

ROCKWELL INTERNATIONAL/ROCKETDYNE DIVISION 

MS: IA06 

6633 CANOGA AVE. 

CANOGA PARK. CA 91302 

JAMES ? . FRANK 
HONEYWELL 

4801 UNIVERSITY SQUARE. SUITE 29 
HUNTSVILLE, AL. 35816 

LAWRENCE J. FREIBERGER 

NATIONAL INSTITUTE OF STANDARD & TECHOLOGY 
MS: 583.00325 SOUTH BROADWAY 

BOULDER. COLORADO 80303-3328 

DONALD FULTON 

ROCKWELL INTERNATIONAL/ROCKETDYNE DIVISION' 

MS : IBOl 

6633 CANOGA AVE. 

CANOGA PARK, CA. 91303 

MERLE FUNKHOUSER 
PRATT A WHITNEY 
MS: 706-38 

P.O. BOX 109600 

WEST PALM BEACH. FL. 33410-9600 

KERRY M. FUNSTON 
ED 14 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

STEPHEN W. GADDIS 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL . 35812 


JOHN A. GANGER 
USAF 

FTD/SDMEP 

WRIGHT- PATTERSON AFB , OHIO 45433 -650A 

RICHARD P CANGLOFF 
UNIVERSITY OF VIRGINIA 
MATERIALS SCIENCE DEPT. 

THORNTON HALL 

CHARLOTTES V I LIE . VA . 22901 

FRED S. GARCIA 

ROCKWELL INT . /ROCKETDYNE DIVISION 
2227 DRAKE AVE. . SUITE 45 
HUNTSVILLE, AL. 35805 

DONALD G. GARDNER 
SVERDRUP TECHNOLOGIES, INC. 

SSC GROUP 
BLDG. 2109 

STENNIS SPACE CENTER. MS 39529 

JAMES GARRETT 
MARTIN MARIETTA 
MS/3010 
P.O. BOX 29304 

NEW ORLEANS, LOUISIANA 70189 
BOTH) GATLIN 

MISSISSIPPI STATE UNIVERSITY 
DRAWER A 

MISSISSIPPI STATE, MS. 39762 

RAYMOND E. GAUGLER 
NASA/LEWIS RESEARCH CENTER 
MS: 5-11 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

J.W. GAUNTNEP. 

NASA/LEWIS RESEARCH CENTER 
MS: 5310/500-219 
21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

DR. RAYMOND GAUSE 

SCIENCE APPLICATIONS INT. CORP 

ROOM 578 

6725 ODYSSEY DRIVE 
HUNTSVILLE. AL. 35806 


STEPHEN J . CENTZ 
EH 23 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

HOWARD GIBSON 
NASA/MS FC 
MS: EH14 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

GEOFF CIFFIN 
NASA HEADQUARTERS 
CODE RS 

WASHINGTON. DC 20546 

JIM GLEESON 
BATTELLE 
MS: 11-4-056 

505 KING AVE. 

COLUMBUS, OHIO 43201 

FREDERICK GLUSZEK 
PRATT & WHITNEY 
MS : EH22 

MARSHALL SPACE FLIGHT CENTER. AL. 3580? 

DAVID G. GOGGIN 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DRIVE 
HUNTSVILLE. AL. 35806 

SOL GORLAND 

NASA/LEWIS RESEARCH CENTER 
21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

LISA W. GRIFFIN 
ED 32 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 3531. 

LOREN A. GROSS 
EE 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 
TEN -HUE I GUO 

NASA/LEWIS RESEARCH CENTER 
MS: 77-1 

21000 BROOKPARK ROAD 



ALEXANDER HAFNER 
EB 22 
NAS A/MS EC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 
MICHAEL L. HAINS 

UNITED TECHOLOCIES RESEARCH ~ C \'TE D 
MS: 13 

SILVER LANE 

EAST HARTFORD. CT . 06108 

DAVID HALUCK 
PRATT & WHITNEY 
PO. BOX 109600 

WEST PALM BEACH, FL. 33410-9600 

CRAIG F. HANSEN 
MARTIN MARIETTA 
MS: G1630 
P.0. BOX 179 
DENVER, CO. 80201 

David l. hartung 

ROCKETDYNE DIV . /ROCKWELI INT 
MS : RAO 2 

2227 DRAKE AVE. , SUITE 45 
HUNTSVILLE, AL. 35805 


JAMES ?. HENNE3ERRY 

MDSSC 

MS: 11-2 

5301 BOLSA AVE. 

HUNTINGTON BEACH. CA. 

T.P. HERBELL 

NASA/LEWIS RESEARCH CENTER 
MS: 5130/49-3 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

PAUL HERR 
CODE MD 

NASA HEADQUARTERS 
WASHINGTON, DC 20546 

ROY HILTON 
U.S. AIRFORCE 
AL/LSNT 

EDWARDS AFB . CA . 93523-5000 

DR. BUTLER HINE 
NASA/AMES RESEARCH CENTER 
MS: 244-4 

MOFFETT FIELD. CA. 94040 


DR. KENNETH HARWELL 
UNIVERSITY OF ALABAMA IN HUNTSVILLE 
ASSOC. PROVOST 6 VP/RESEARCH 
HUNTSVILLE. AL 35899 


J.H. HASTINGS 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DP 
HUNTSVILLE, AL. 35806 


JOHN HEAMAN 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

JENNIFER HEINE 
PRATT & WHITNEY 
MS: 707-20 

P.O. BOX 109600 

WEST PALM BEACH. FLORIDA 33410-9600 

ROBERT HENDRICKS 
NASA/LEWIS RESEARCH CENTER 
21000 BROOKPARK ROAD 
CLEVELAND, OHIO 44135 


WENDY HOLLADAY 
NASA/S SC 
CODE HA20 
BLDG. 1100 

STENNIS SPACE CENTER. MS. 39529 

Gary m. holloway 

GENERAL ELECTRIC AIRCRAFT r NGI\"E c 
MS/ A311 
1 NEUMANN WAY 
CINCINNATI. OHIO 45215 

RICHARD R. HOLMES 
NASA/MS FC 
MS: EH43 

marshall space flicht center. 

KISOP HONG 

SVERDRUP TECHNOLOGIES INC 
SSC GROUP 
BLDG. 2109 

STENNIS SPACE CENTER, MISSISSIPPI 


35812 


39529 



DALE HOPKINS 

NASA /LEVIS RESEARCH CENTER 
21000 BROOKPARK ROAD 
CLEVELAND . OHIO 44135 

RON HORN 

AEROJET TECHS YSTEMS 
DEPT. 9935 
P.O. BOX 13222 
SACRAMENTO, CA. 95813 

BOB J. JACKSON 

SUNDSTRAND AEROSPACE MECHANICAL SYSTEMS 
MS: 753-6 

4747 HARRISON AVENUE 
P.O. BOX 7002 
ROCKFORD. IL. 61125 

eugene Jackson 

ROCKWELL INT . /ROCKETDYNE DIVISION 
MS: IA32 

6633 CANOGA AVE. 

CANOGA PARK , CA. 91304 

ROBERT S . JANKOVSKY 
NASA/ LEW IS RESEARCH CENTER 
MS: 500-220 
21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

DR. ROBERT J . JENSEN 
ROCKWELL INT. /ROCKETDYNE DIV 
MS : IA06 

6633 CANOGA AVE. 

CANOGA PARK. CA . 91303 

MARTIN L. JOHNSON 
EB 22 
NASA /MS PC 

MARSHALL SPACE FLIGHT CENTER, AL 25312 

ROBERT J . JONES 
TRW 

MS: 01-2040 

ONE SPACE PARK 

REDONDO BEACH. CA 90278 

JOHN L. JORDAN 
SVERDRUP TECHNOLOGY, INC. 

BLDG. 2109 

STENNIS SPACE CENTER. MS. 29529-6000 


SREERAMESH KALLURI 
SVERDRUP TECHNOLOGY. INC. 

NASA/LEWIS RESEARCH CENTER 
MS/49-F 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO u4135 

DR. J.W. KANNEL 
BATTELLE 
MS: 11-4-055 
505 KING AVE. 

COLUMBUS. OHIO 43201 

DR. GERALD R. KARR 

UNIVERSITY OF ALABAMA IN HUNTSVILLE 

MS : EB112 

MECHANICAL ENGINEERING DEPT 
HUNTSVILLE, AL. 35899 

DR. WILLIAM KAUKLER 

UNIVERSITY OF ALABAMA IN HUNTS7IL' r 

MS : SB240 

CHEMISTRY DEPARTMENT 
HUNTSVILLE. AL. 35899 

JOHN M. KAZAROFF 
NASA/LEWIS RESEARCH CENTER 
MS: 500-220 
21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

STEPHEN L. KERKHOF 
UNITED TECHNOLOGIES /USBI 
MS/ N6000 
P.O. BOX 1900 
HUNTSVILLE. AL. 25807 

L. A. KIEFLING 
ED 22 
NASA /MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35 

FRANK M. KIRBY 

W.J, SCHAFER ASSOCIATES 

20501 VENTURA BLVD . 

WOODLAND HILLS. CA . 91364 

KATHLEEN E. KIRKHAM 

ROCKWELL INT . /ROCKETDYNE DIVISION 

MS: IB17 

6633 CANOGA AVE. 



CENTER 


THOMAS D. KMIEC 
PRATT & WHITNEY 
MS: 731-90 
P.O. BOX 109600 

WEST PALM BEACH. FL. 33410-9600 

DANIEL P. ROSTER 
USAF 

FTD/SDMEP 

WRIGHT -PATTERSON AFB , OHIO -.5*33 -650a 

DR. RICHARD D. KRAMER 

SRS TECHNOLOGIES 

990 EXPLORER BLVD . . N.W. 

HUNTSVILLE. AL 35806 

PHILLIP D. KROTZ 

ROCKWELL I NTERNAT I ONAL /RO CKDYNE DIVISION 
WB21 

6633 CANOGA AVE. 

CANOGA PARK, CA . 91303 

JOHN LANSAW 
AEROJET TECHSYSTEMS 
700 BOULEVARD SOUTH. SUITE 306 
HUNTSVILLE. AL. 35802 

TINA LANSAW 
AEROJET TECHSYSTEMS 
SUITE 306 

700 BOULEVARD SOUTH 
HUNTSVILLE, AL. 35802 

JAMES E. LEE 
EE 81 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. A_ 35812 

THOMAS J . LEE 
DA 01 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

DAVID R. LEMOINE 
PRATT & WHITNEY 
MS: 711-62 
P.O. BOX 109615 

WEST PALM BEACH. FL. 33410-9600 
ANITA LIANG 

NASA/LEWIS RESEARCH CENTER 
21000 BROOKPARK ROAD 
CLEVELAND, OHIO 44135 


CURT H. LI EBERT 
NASA/LEWIS RESEARCH 
MS: 77-1 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

C.C. LIMBAUGH 
SVERDRUP/AEDC 
MS: 900 

ARNOLD AFB. TN . 37389 

STEVEN W. LINGAR 
EB 22 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

J. WAYNE LITTLES 
DD 01 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 
JAMES LOBITZ 

ROCKWELL INT . /ROCKETDYNE DIVISION 

MS: IA18 

6633 CANOGA AVE. 

CANOGA PARK, CA. 91303 

CARL F. LORENZO 
NASA/LEWIS RESEARCH CENTER 
MS: 2550/77-1 
21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

F. J. LOSS 

MATERIALS ENGINEERING ASSOCIATES 
9700- B MARTIN LUTHER KING JR. HWY 
LANTHAM, MD. 20706 

WAYNE B. LUNN 
PRATT & WHITNEY 
MS 732-17 
P.O. BOX 109600 

WEST PALM BEACH. FL. 33410-9100 

MICHAEL J . LUSAS 
WYLE LABORATORIES 

2001 JEFFERSON DAVIS HIGHWAY. SUITE 701 
ARLINGTON. VIRGINIA 22202 


JACK MACPHERSON 
ER 21 
NASA/MS FC 

MARSHALL FLIGHT SPACE CENTER, AL 35812 

GEORGE MAD2SAR 
NASA/LEVIS RESEARCH CENTER 
21000 BROOKPARK RD . 

CLEVELAND. OHIO 4413; 

LAUREN MAHORTER 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

BHASKAR S . MAJUMDAR 
BATTELLE • COLUMBUS DIVISION 
505 KING AVENUE 
COLUMBUS. OH 43201-1693 

DARBY B. MAKEL 
AEROJET TECHS YSTEMS 
MS: 9990/2019 

P.O. BOX 13222 
SACRAMENTO, CA . 95813 

CLOVIS B. MALMEDE 
EL 53 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

RON MARMOL 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DRIVE 
HUNTSVILLE, AL. 35806 

LISA C. MARTIN 
NASA/LEWIS RESEARCH CENTER 
MS: 77-1 

21000 BROOKPARK RD . 

CLEVELAND. OHIO 44135 

DAVID E. MARTY 
SRS TECHNOLOGIES 
990 EXPLORER BLVD. 

HUNTSVILLE. AL. 35806 

JOHN R. MASON 

PRATT & WHITNEY 

MS: 731-93 

P.O. BOX 109660 

WEST PALM BEACH. FL. 33410 


SUKHDEV S . MATHARU 

MDSSC 

MS: 71A1 

689 DISCOVERY DR 

HUNTSVILLE. AL. 35806 

DOUGLAS MATSON 
AEROJET TECHS YSTEMS 
700 BOULEVARD SOUTH, SUITE 306 
HUNTSVILLE. AL. 35802 

ROBERT MCAMIS 

SVERDRUP TECHNOLOGY. AEDC GROUP 
MS/ 980 

ARNOLD AFB. TN . 37389 

JIM MCBRIDE 
ED 23 
NAS A /MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 3581" 

JOHN P. MCCARTY 
EP 01 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

PAUL MCCONNAUGHEY 
ED 32 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

GEORGE MCDONOUGH 
EA 01 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 3581" 

MICHAEL A. MCGAW 
NASA/LEWIS RESEAR.CH CENTE" 

MS: 49-7 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

TIMOTHY MCKECHNIE 

ROCKETDYNE 

SUITE 45 

2227 DRAKE AVE 

HUNTSVILLE. AL 35805 

BRYAN MCPHERSON 
EH 23 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35£' : 



SCOTT E. McVEY 

ROCKWELL INT . /ROCKETDYNE DIV t SIO" 

MS: I A3 2 

6633 CANOGA AVE. 

CANOGA PARK, CA. 91303 

CRAWFORD R . MEEKS 

AVCON- ADVANCED CONTROLS TECHNOLOG'- T NC 
19151 PARTHENIA ST., UNIT G 
NORTHRIDGE , CALIFORNIA 91324 

CAROLYN MERCER 
NASA/LEWIS RESEARCH CENTER 
MS: 77-1 

21000 BROOKPARK ROAD 
CLEVELAND , OHIO 44135 

WALTER MERRILL 
NASA/LEWIS RESEARCH CENTER 
MS/ 77-1 

21000 BROOKPARK ROAD 
CLEVELAND, OH. =*4135 

KATHERINE MIMS 
ED 22 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

JAMES B. MIN 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

PAMELA M. MITCHELL 
MARTIN MARIETTA 
MS/3016 

P.O. BOX 29304 

NEW ORLEANS, LOUISIANA 70189 

BEN MOATES 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DRIVE 
HUNTSVILLE. AL. 35806 

THOMAS B. MOBLEY 
MARTIN MARIETTA 
MS/3018 
P.O. BOX 29304 

NEW ORLEANS. LOUISIANA 70189 


DARIUSH MODARRESS 
PHYSICAL RESEARCH. INC. 

25500 HAWTHORNE BLVD . . SUITE 2300 
TORRANCE. CA. 90505 

JOHN H. MOLL 
CRUCIBLE RESEARCH 
P.O. BOX 88 

PITTSBURGH. PA. 15230 

BOBBY T. MONEY 
EB 22 
NAS A /MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

JAMES MOORE 

SRS TECHNOLOGIES 

990 EXPLORER 3LVD . 

HUNTSVILLE. AL. 35806 

DONALD MORACZ 
MMTC - TEXTRON 
BUILDING 37 
23555 EUCLID AVEUNE 
CLEVELAND, OH 44117-1798 

SAVERIO F. MOREA 
HA 32 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 33812 

J . MOSES 
ER 21 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 3521'’ 

JEFFREY LEE MUSGRAVE 
NASA/LEWIS RESEARCH CENTER 
MS: 77-1 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO uA135 

CYNTHIA L. MUTZ 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 
DR. YNGVE NAERHEIM 

ROCKWELL INTERNATIONAL SCIENCE CENTER 

MS : A12 

1049 CAMINO DOS RIOS 
THOUSAND OAKS, CA. 91360 



SHELIA K NASH -STEVENSON 

EB 22 

NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

ADNAN H. NAYFEH 
UNIVERSITY OF CINCINNATI 
MS: 70 

AEROSPACE ENGINEERING 
CINCINNATI. OHIO 45249 

JOSEPH H. NEMEROFF 
UNITED TECHNOLOGIES /USBI 
MS/ N6000 
P.O. BOX 1900 
HUNTSVILLE. AL. 35807 

ED NEMETH 

ROCKWELL INT . /ROCKETDYNE DIVISION 

MS: IB-27 

6633 CANOGA AVE. 

CANOGA PARK. CA . 91303 

THOMAS NESMAN 
ED 33 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

DAN NGUYEN 
USAF 

FTD/SDMEP 

WRIGHT -PATTERSON AFB , OHIO 45433 -650A 

WILLIAM C. NIEBERDING 
NASA/LEWIS RESEARCH CENTER 
MS: 77-1 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

DAVID M. NISSLZY 

PRATT & WHITNEY. DIVISION OF UTC 

MS/163-01 

400 MAIN STREET 

EAST HARTFORD. CT. 06108 

SHERIF T NOAH 

TEXAS A 6t M UNIVERSITY 

MECHANICAL ENGINEERING DEPT. 

COLLEGE STATION, TEXAS 77843-3123 


ARNOLD M. NORMAN 

ROCKWELL I NTERNAT 1 ONAL /ROCKETDYNE DIVISION 
MS: IB03 

6633 CANOGA AVE. 

CANOGA PARK. CA . 91304 

CHARLES J. O'BRIEN 
AEROJET TECHSYSTEMS 
DEPT. 9911, BLDG. 2019 
P.O. BOX 13222 
SACRAMENTO. CA. 95813-6000 

NELSON OLINGER 
CT 22 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 
KEVIN O'HARA 

ROCKETDYNE DIVISION/ROCKWELL INTERNATIONAL 
MS : RAO 2 

2227 DRAKE AVE. SUITE 45 
HUNTSVILLE. AL. 35805 

RENE ORTEGA 
ED 25 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 

SAMUEL F. OWENS. JR. 

SVERDRUP TECHNOLOGY 
620 DISCOVERY DR. 

HUNTSVILLE. AL. 35806 

MILTON A. PAGE 

UNITED TECHNOLOCIES/USEI 

MS/N6000 

P.O. BOX 1626 

HUNTSVILLE. AL. 3 580' 

ALAN PALAZZOLO 

TEXAS A&M UNIVERSITY 

DEPT. OF MECHANICAL ENGINEERING 

COLLECE STATION. TEXAS '7843-3123 

HAGOP V. PANOSSIAN 

ROCKWELL INTERNATIONAL/ROCKETDYNE DIVISION 

MS: JB11 

6633 CANOGA AVE 

CANOGA PARK, CA . 91303 


ORIGINAL PAGE IS 
OF POOR QUALITY 



J. PARK 
EH 23 
NASA/MS FC 

marshall space flight center 

DR. JIN PARK 

AMAX RESEARCH (x DEVELOPMENT 
5950 MCINTYRE ST. 

GOLDEN. COLORADO 80403 

DANIEL PAXON 

NASA/LEWIS RESEARCH CENTER 
21000 BROOKPARK ROAD 
CLEVELAND, OHIO 44135 

LEIGH ANN PERKINS 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. 

ARLEN PETERSEN 
ROCKETDYNE 
MS: IB01 

3366 CANOGA PARK. CA. 91303 
D.W. PETRASEK 

NASA/LEWIS RESEARCH CENTER 
MS: 5120/106-1 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

JERRY L. PIEPER 
AEROJET TECHSYSTEMS 
DEPT. 9962 BLDG. 2019 
P.O. BOX 1322 
SACRAMENTO, CA. 95813 

DARLENE POKORA 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, 

JOHN C. POOLEY 
SPARTA 

4901 CORPORATE DRIVE 
HUNTSVILLE. AL 35805 

WILLIAM T . POWERS 
EB 22 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. 


. AL 35812 


:enter 


AL. 35812 


AL 35812 


AL. 35812 


JOHN M. PRICE 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

RICHARD J. PRIEM 
PRIEM CONSULTANTS 
13533 MOHAWK TR 
MIDDLEBURC HTS . . OHIO 44130 

DR. ANDRZEJ J. PRZEKWAS 
CFD RESEARCH CORPORATION 
3325-D TRIANA BLVD. 

HUNTSVILLE. AL. 35805 

RICHARD J. QUENTMEYER 
SVERDRUP TECHNOLOGY, INC. 

NASA/LERC 500-219 
21000 BROOKPARK RD . 

CLEVELAND, OH. 44135 

PAUL E. RAMSEY 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

JEFFERY L. RATLEY 
EB 22 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

DARREN REED 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

CHARLES B. REID 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DR 
HUNTSVILLE. AL. 35806 

DOUG REWINKEL 
SVERDRUP TECHNOLOGY 
MS: MPO 

620 DISCOVERY DR. 

HUNTSVILLE, AL. 35806 

DOUGLAS R. RICHARDS 
SVERDRUP TECHNOLOGY 
MS: MP6 

620 DISCOVERY DR. 

HUNTSVILLE, AL. 35806 


J. STEVE RICHARDS 
EP 01 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, aL 25312 

ROBERT J, RICHMOND 
ER 21 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

RUSSEL E. RHODES 
NASA 

MS: TV-FSD 

KENNEDY SPACE CENTER, FL. 32899 

SHELBY GLEN ROBERTS 
MARTIN MARIETTA 
BLDG. 4708, ROOM 206 

MARSHALL SPACE FLIGHT CENTER, AL. 3581' 
MAX A. ROLER 

SVERDRUP TECHNOLOGY. AEDC GROUP 

980 

ARONOLD AF3. TN . 27389 

DR. SANDERS D. ROSENBERG 
GENCORP AEROJET 
BLDG 2019A/DEPT 9990 
P.O. BOX 13222 
SACRAMENTO, CA 95813-6000 

JOHN H. RUMBARGER 

FRANKLIN RESEARCH CENTER 

MS: VALLEY FORGE CORPORATE CENTEP 

2600 MONROE BLVD 

NORRISTOWN, Pa 19403 

ROBERT S. RYAN 
ED 01 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 25812 

DR. LUIS SAN ANDRES 

turbomachinery laboratory 

DEPT. OF MECHANICAL ENGINEERING 

TEXAS A & M UNIVERSITY 

COLLEGE STATION, TEXAS 77843-3123 

JEFFREY SANDERS 
I IT RESEARCH INSTITUTE 
BLDG. 4618 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 


STEVEN £ . SASSG 
MARTIN MARIETTA 
MS: T210 
P.O. BOX 179 
DENVER. CO. 80127 

JAMES L. SAUNDERS 
SVERDRUP TECHNOLOGY /AEDC 
MS : 900 

ARNOLD AFB , TN. 37389-9998 

D. D. SCHMIDT 
EH 23 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

LUKE SCHUTZEHHOFER 

ED 32 

NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

IVAN C. SEVENSON 
THIOKOL CORPORATION 
MS: 280 
P.O. BOX 707 

BRIGHAM CITY. IT. 84302-0707 
KEN SHIH 

McDonnell douclas 

689 DISCOVERY DR. 

HUNTSVILLE. AL. 35806 

DR. ROCH SHIPLEY 
MMTC - TEXTRON 
BUILDING 37 
23555 EUCLIC AVENUE 
CLEVELAND. OH 44117 

JOHN A. SHIRLEY 

LNIitD - ~CHKO_CG I LS ?*’^-’AF ,, *H r"T- — * 
129-90 " ' “ 

SILVER LANE 

EAST HARTFORD, CT. 06108 
JOHN W. SHORT 

ASTRONAUTICS LABORATORY (AFSC) 

MS : AL/TOAC 

EDWARDS AIRFORCE BASE, CA. 93523-5000 


ORIGINAL PAGE IS 
OF POOR QUALITY 



JAMES D. SIEGWARTH 
NIST/ US DEPT. OF COMMERCE 
MS: 583.2 
325 BROADWAY 
BOULDER. CO. 80303 

RAJ N. SINGH 
GENERAL ELECTRIC 
KI/4A32 
P.O. BOX 8 

SCHENECTADY. N.Y. 12301 

DR. ASHOK K. SINGHAL 
CFD RESEARCH CORPORATION 
3325 -D TRIANA BLVD. 

HUNTSVILLE, AL. 35805 

ANDREW J. SLIFKA , III 
NIST 

MS/583.00 
325 BROADWAY 
BOULDER. CO. 80303 

DONALD P. SLOTEMAN 
INGEVESOLL-RAND CO. 

942 MEMORIAL PARKWAY 
PHILLI PSBURG . N . J . 08665 

ANDREW SMITH 
ED 35 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 
TODD SMITH 

SVERDRUP TECHNOLOGY. INC. 

MS : SVR/2 

2001 AEROSPACE PARKWAY 
CLEVELAND. OH --*142 

DALE SOUTHWICK 

PRATT & WHITNEY 

MS. 731-94 

P. 0. BOX 109600 

WEST PALM BEACH. FL 33410 

LARRY L. SPARKS 
NIST 

MS: 583.00 

325 BROADWAY 

BOULDER. COLORADO 80303-3328 


R. GORDON SPEAR 
AEROJET TECHSYSTEMS 
MS: 9915/2019 
P.O. BOX 13222 
SACRAMENTO, CA. 95813-6000 

WILLIAM D. SPROUL 

BIRL, NORHTWESTERN UNIVERSITY 

1801 MAPLE AVE. 

EVANSTON, ILL. 60201 

RODERICK STALLWORTH 
ED 25 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

DR. W.D. STEPHENS 
US ARMY MISSLE COMMAND 
AMSMI-RD-PR 
P.O. BOX 12652 
HUNTSVILLE. AL. 35815 

DAVID R. STONE 
RS 

NASA HEADQUARTERS 
WASHINGTON. DC 20546 

JOSEPH P. STRIZAK 
OAK RIDGE NATIONAL LABORATORY 
BUILDING 4500- S. MS: 6155 
P.O. BOX 2008 

OAK RIDGE, TN. 37831-6155 

HEINZ G. STRUCK 
ED 31 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 2 5 £ 1 1 
JOE SUTTER 

NATIONAL TECHNICAL SYSTEMS 
20988 GOLDEN TRIANGLE RD 
SZUGVS , CA. 91350 

WAYNE L. SWANSON 

WYLE LABS 

DEPT. 572 

P.O. BOX 070011 

HUNTSVILLE. ALA. 35807-7011 


mmnni PAGE IS 

OF POOR QUALITY 



M. SHAYNE SVINT 
NASA HEADQUARTERS 
MS: ME 

600 INDEPENDENCE AVE. 

WASHINGTON D.C. 

GOPAL D. TEJWANI 
SVERDRUP TECHNOLOGIES. INC. 

SSC GROUP 
BLDG. 2109 

STENNIS SPACE CENTER, MS 39529 

JAMES E. THAYER 
I IT RESEARCH INSTITUTE 
BLDG. 4618 
MS: EH23 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

LINNIS G. THOMAS 
EB 44 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

CECIL V. THOMPSON, JR 
EB 22 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

JAMES F. THOMPSON 
PD 13 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

DR. RAYMOND G. THOMPSON 

UNIVERSITY OF ALABAMA AT BIRMINGHAM 

DEPT. OF MATERIALS SCIENCE & ENGINEERING 

UAB STATION 

BIRMINGHAM. AL 35294 

WAYNE THOMPSON 
SPARTA 

4901 CORPORATE DRIVE 
HUNTSVILLE. AL 35805 

ROBERT E. THOMPSON 
TELEDYNE BROWN ENGINEERING 
MS: 46 

300 SPARKMAN DR. 

P.O. BOX 070007 
HUNTSVILLE, AL. 35807-7007 


GEORGE TOVAR 
EJ 81 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

HUU ?. TRINH 
EP 55 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 
LINDA TUEGEL 

ROCKWELL INT . /ROCKERDYNE DIVISION 

MS : IA06 

6633 CANOGA AVE. 

CANOGA PARK, CA . 91303 

KATHY TYCIELSKI 
EP 62 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 

PHILIP TYCIELSKI 
EP 64 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 
DONALD H. UTVIK 

UNITED TECHNOLOGIES CORP-. RES. CENTER 
MS: 29 

SILVER LANE 

EAST HARTFORD. CT . 06108 

KEN VADASY 

ROCKWELL INT . /ROCKETDYNE DIVISION 
555 DISCOVERY DR. 

HUNTSVILLE. AL. 35806 

ELIZABETH L. VALENTI 
SVERDRUP TECHNOLOGY 
BLDG. 2109 

STENNIS SPACE CENTER. MS 39529 

DONALD P. VALLELY 
ED 14 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL 35812 

LAWRENCE E. VAN BIBBER 
WESTINGHOUSE ELECTRIC CORPORATION 
ADVANCED ENERGY SYSTEMS DIVISION 
P.O. BOX 10864 

PITTSBURGH, PENNSYLVANIA 15236-0864 



DAVID B. VAN DYKE 
SVERDRUP TECHNOLOGIES , INC 
SSC GROUP 
BLDG. 2109 

STENNIS SPACE CENTER, MS 39529 

ROBERT H. VAN STONE 
GE AIRCRAFT ENGINEERING 
MS: A333 
1 NEUMANN WAY 
CINCINNATI. OHIO 45215 

CHARLES P. VICK 
INSTITUTE FOR SPACE ANALYSIS 
6620 OLD MADISON PIKE »113 
HUNTSVILLE. AL. 35806 

DR. NICHOLAS S. VLACHOS 
CHAM INC. 

1525A SPARKMAN DR. 

HUNTSVILLE. AL. 35816 

JON C. VOLKMAN 

ROCKWELL INTERNATIONAL/ROCKETDYNE DIVISION 
6633 CANOGA AVE. 

CANOGA PARK, CA. 91303 

GEORGE L. VON PRAGENAU 
ED 14 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 

DR. R.H. WOODWARD WAESCHE 
ATLANTIC RESEARCH CORPORATION 
5945 WELLINGTON ROAD 
GAINESVILLE, VA. 22065 

GLEN S. WALDROP 

ROCKWELL INTERNATIONAL/ROCKETDYNE 
MS: RF01 

ROOM 1090 O&C BLDG. 

JOHN F. KENNEDY SPACE CENTER, FL. 32899 
J.F. WALKER 

NASA/LEWIS RESEARCH CENTER 
MS: 5310/500-219 
21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 


GABRIEL R. WALLACE 
RESEARCH & TECHNOLOGY OFFICE 
ER 01 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 

TIM L. WALLACE 
SVT 

MS: 900-EL3 

ARNOLD AFB, TN . 37389-9998 

JAMES F. WALTON 
MECHAICAL TECHNOLOGY INC. 

968 ALBANY- SHAKER RD . 

LATHAM, NY 12110 

ALEX WANG 

McDonnell douglas 

MS: 12B2 

689 DISCOVERY DR, 

HUNTSVILLE, AL. 

WILLIAM W. WANG 
AEROSPACE CORPORATION 
MS: M4-1970 

2350 EAST ELSEQGUNDO BLVD 
ELSEGUNDO, CA. 90245 

STEVEN D. WARD 

GENERAL ELECTRIC AIRCRAFT ENGINES 
A311 

1 NEUMAN WAY 
EVENDALE. OHIO 45215 

JAMES T. WATKINS 
HA 41 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

TOMMIE WATKINS, JR. 

PRATT & WHITNEY 
MS: 707-22 

P.0. BOX 109600 

WEST PALM BEACH, FL. 33410-9600 

LAVERN D. WEDEVEN 
WEDEVEN ASSOCIATES. INC. 

5068A WEST CHESTER PIKE 


LEONARD J . WESTFALL 

NAS E/LEWIS RESEARCH CENTER 

MS/106-1 

21000 BROOKPARK RD . 

CLEVELAND, OHIO 44135 

BRIAN WHERLEY 

ROCKWELL I NT . /ROCKETDYNt DIVISION 

MS : IA06 

6633 CANOGA AVE . 

CANOGA PARK, CA. 91304 

A. U. WHITAKER 
EH 11 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

WILLIAM B. WHITE 
Efi 22 
NASA/MSFC 

MARSHALL SPACE FLIGHT CENTER. AL 35812 

HERBERT WILL 

NASA/LEWIS RESEARCH CENTER 
MS: 77-1 

21000 BROOKPARK ROAD 
CLEVELAND. OHIO 44135 

BRUCE D. WILLIS 
McDonnell douglas 
MS: 71A1 

689 DISCOVERY DR. 

HUNTSVILLE, AL. 35806 

FRANKLIN DONALD WITTMER 
SVERDRUP TECHNOLOGY 
620 DISCOVERY DR. 

HUNTSVILLE. AL. 35806 

STEVEN J . WOFFORD 
CALS PAN 

ROOM 226, BLDG. 4708 

MARSHALL SPACE FLIGHT CENTER. AL. 35812 
CEORGE S. WONG 

ROCKWELL INT./ROCKETDYNE DIVISION 

IB03 

6633 CANOGA AVE. 

CANOGA PARK. CA. 91303 


GLADE WOODS 
NASA/SSC 

CODE HA20 , BLDG. 1100 

STENNIS SPACE CENTER. MS. 39529 

JOHN WOOTEN 

ROCKWELL INT./ROCKETDYNE DIVISION 

MS: 1B17 

6633 CANOGA AVE. 

CANOGA PARK. CA. 91304 

GARY L. WORKMAN 

THE UNIVERSITY OF ALABAMA IN HUNTSVILL 
MS: RI-A6 

HUNTSVILLE, AL. 35899 
S. T. WU 

DEPT. OF MECHANICAL ENGINEERING 

THE UNIVERSITY' OF ALABAMA IN HUNTSVILL 

HUNTSVILLE. AL 35899 

S . T . WU 
NASA/SSC 

CODE HA20. BLDG. 1100 

STENNIS SPACE CENTER, MS. 39529 

DR. Y. C. L. SUSAN WU 

ERC. INCORPORATED 

UTSI RESEARCH PARK, P.O. BOX 417 

TULLAHOMA. TN. 37388 

DR. YIH-TSUEN WU 
SOUTHWEST RESEARCH INSTITUTE, 

DEPT. 06, P.O. DRAWER 28510 

6220 CULEBRA ROAD 

SAN ANTONIO. TEXAS 78228-0510 

LYNN M. WYETT 

ROCKWELL INT./ROCKETDYNE DIVISION 
MS: JB21 

6633 CANOGA PARK. CA . 91303 

FREDERICK C. YEH 
NASA/LEWIS RESEARCH CENTER 
MS/5-11 

21000 BROOKPARK ROAD 
CLEVELAND, OHIO 44135 

VINCENT A. ZACCARDI 
SVERDRUP TECHNOLOGY , INC . /AEDC GROUP 
MS : 900 

ARNOLD AFB, TN . 


37389-99981 



ERV ZARETSKY 

nasa/lewis research center 

21000 BR00KPARX ROAD 
CLEVELAND, OHIO 44135 

JOE E. ZIMMERMAN 
EB 22 
NASA/MS FC 

MARSHALL SPACE FLIGHT CENTER. aL 

ROBERT L. ZURAWSKI 
NASA HEADQUARTERS 
MS: RP 

WASHINGTON, D.C. 20546 


35812 




APPENDIX V 


"Advanced Earth-to-Orbit Propulsion Technology 1992 Volume I and II" 
NASA Conference Publications 3174 


Table of Contents and Participant List 




VOLUME I 

TABLE OF CONTENTS 


Foreword 

Welcome, J. Wayne Littles. NASA/MSFC j 

OAST Overview, R. L. Kline. NASA Headquarters 3 

Transportation Thrust and E-T-0 Program Overview. E. E. VanLandingham. NASA Headquarters 7 

Earth- to-Or bit Propulsion Technology Program at MSFC, James L. Moses, NASA/MSFC 10 

Earth-to-Orbit Propulsion Technology Program Comments. Anita D. Liang, NASA/LeRC 12 

Space Shuttle Main Engine Technology Test Bed Overview. H. V. McConnaughey, NASA/MSFC 13 

MATERIALS DEVELOPMENT AND EVALUATION 
Chairpersons: S. J. Gentz, NASA/MSFC and R. L. Dreshfield, NASA/LeRC 
Preliminary Evaluation of a Powder Metal Copper- 8 Cr-4 Nb Alloy, 

D. L. Ellis and R. L. Dreshfield. NASA/LeRC 18 

Observations on W- 24 Re-Hf-C Wire Reinforced High Temperature Allov Composites, 

F. J. Ritzert and R. L. Dreshfield, NASA/LeRC ’ 28 


Evaluation of Fiber Reinforced Superalloy Airfoil Root Attachment Techniques, 

L. G. Fritzemeier and J. R. Wooten, Rocketdyne Division, Rockwell International 

A High Pressure DTA/TGA System For Materials Oxidation Studies, 

J. W. Bransford and B. J. Filla, National Institute of Standards and Technology. 

DTA Analysis of Several Iron and Nickel Based Alloys, 

J. W. Bransford and B. J. Filla, National Institute of Standards and Technology. 

Thermomechanical Processing and Microstructure Relationships in INCO 909 . 

F. P. Cone. UTC- Pratt k Whitney 


Dual Property Super A -286 for National Launch System 1 NLS) Space Transportation Main Eneme 
(STME) Oxygen Turbopump, 

F. P. Cone, UTC- Pratt k Whitney 


MANUFACT URIN G/PRODUCIBILITY/INSPECTION 
Chairpersons: C. S. Jones, NASA/MSFC and T. P. Herbell, NASA/LeRC 
Ceramic Matrix Composites for Rocket Engine Turbine Applications. 

T. P. Herbell and A. J. Eckel, NASA/LeRC 87 

Ceramic Matrix Composite Turbopump Development. 

J. W. Brockmeyer, Rocketdyne Division. Rockwell International 97 

Vacuum Plasma Spray Forming of NARLOY-Z, 

F. R. Zimmerman. R. M. Poorman, NASA/MSFC. T. M. McKechnie. and Y. K. Liaw, Rocketdyne 
Division, Rockwell International m- 


Advanced Welding Process Control Technology, 

C. S. Jones. A. C. Nunes, K. G. Lawless, NASA/MSFC and K. N. Andersen, Mid-South 
Engineering ... 



Non-Destructive Examination of Rocket Motor Components, 

R. D. Beshears. NASA/MSFC. J. A. Gilbert. Univ. of Alabama in Huntsville, D. R. Matthys, Marquette 

University 

INSTRUMENTATION 

Chairpersons: W. T. Powers, NASA/MSFC and W. C. Nieberding. NASA/LeRC 
Fiber Optic Pressure Sensor for Combustion Chamber Monitoring, 

K. A. James. N. Shrestha. California State Univ. at Long Beach and W. H. Quick. OPCOA Inc. 128 

Implementation of the Nonintrusive Speed Sensor for the SSME High Pressure Oxidizer Turbopump, 

J. Reinert. Rocketdyne Division, Rockwell International 134 

A Brushless Torquemeter and Derivative Measurements, 

A. Schwartzbart, S. Balcer, Rocketdyne Division. Rockwell International ]38 

Progress in Thin Film Heat Flux Sensors, 

H. A. Will. NASA/LeRC 148 

Thin Film Thermocouples for High Temperature Applications, 

L. C. Martin.NASA/LeRC j 54 

Raman Based Leak Detection Technology, 

T. W. Duryea, Rocketdyne Division, Rockwell International 162 

Optical Leak Imaging of Rocket Engine Systems, 

A. Steffens, R. Delcher, and S. Barkhoudarian, Rocketdyne Division. Rockwell International .... 173 

Leak Detection from the SSME Using Sequential Image Processing, 

J. A. Malone. BL. M. Smith, and R. A. Crawford. Univ. of Tennessee Space Institute 180 

Hydrogen Sensor Technology at NASA Lewis Research Center. 

G. W. Hunter. G. C. Madzsar. P. G. Neudeck. NASA/LeRC. C. C. Liu and Q. H. Wu. Case Western 
Reserve Univ 

Correlation of Hydrogen and Air Flow in Critical Flow Nozzles Part 1: Primary Calibration Facility, 

T. M. Kegel, Colorado Engineering Experiment Station. Inc 2Q0 

Small-Inertia Clamp-On Cryogenic Flowmeter Transducer, 

L. C. Lynnworth, J. E. Matson, T. H. Nguyen, Panametrics Inc. and W T Powers 
NASA/MSFC 20? 

Vortex Shedding Flowmeters for SSME Ducts, 

J. D. Siegwarth, and M. A. Lewis National Inst, of Standards and Technology 217 

A Cryogenic Pressure Sensor For Rocket Engine Applications. 

S. K. Kahng, NASA/Langley, Q. A. Shams, Analytical Services and Materials Inc., and V. B. Cruz, 

NASA/Langley 226 

Progress in Laser Diagnostics for SSME Gas Phase Measurements. 

J. A. Shirley, United Technologies Research Center 238 


Application of Laser Induced Fluorescence, to Rocket Motor Exhausts, 
C. W, Brasier, Sverdrup Technology, Inc 


248 



A Laser Raman Polychromator for Rotational Temperature Measurements of H2 in Sub-Scale Combus- 
tors, 

C. C. Dobson, R. H. Eskridge, and M. Lee, NASA/MSFC 

258 

Optical Detection of SSME Preburner Faceplate Degradation. 

Center /SvT* 1 * W ' T ' P ° WCrS ' NASA/MSFC and T - L - W ^e, Air Force Arnold Engr. Dev. 

264 

Status of Spectrometric Evaluation Support for SSME Plumes. 

L. M. Wyett, Rocketdvne Division, Rockwell International 

* * ' it i I 

Plume Diagnostics Instrumentation for Flight Rocket Engines, 

Technologies ^ NASA/LeRC< R ‘ L ' Bickford - Aero J et Propulsion Division, and D. B, Duncan, Duncan 
281 

^r£ri;/;L L r' Sp ' ekl ' Shift <*» SmB Di . 

L. C. Greer and L. G, Oberle. NASA/LeRC 

296 

M N “ w " ks * Au “ m ““ tht ° f 0d ““‘ 

A. J. Decker and M. J. Krasowski, NASA/LeRC 

' 303 

D "’“ 8 G,ou "' i T “ ,k8 ai SSC: A "*>^ *-« <*«■•*. 

E B “ Ct " SV '"‘'“ P lnc ' “ d T J - <*•*> Ro^tdya, 

313 

SSME (TTB) and DTFT Spectral Data Quantitative Analysis, 

Tejwani, Sverdrup Technology, Inc _ 

Real Time Identification and Quantification of SSME Alloys in the DTF Exhaust Plume, 

F. E. Birch er and G. D. Tejwani. Sverdrup Technology ’ 33g 

TURBOMACHINERY 

Chairpersons: P. K. McConnaughey, NASA/MSFC and J. W. Gauntner. NASA/LeRC 

Development of an Oxidizer Turbine for Advanced Gas Generator Rocket Engines, 

F. . Huber, P. D. Johnson, X. A. Montesdeoca, Pratt & Whitney 352 

J! a ™' St ° k “ Ver ification of Advanced Gas Generator Oxidizer Turbine Stages, 

C. Hah, NASA/LeRC * 

* 362 

Unsteady Flow Calculation in a Single Stage of an Advanced Gas Generator Turbine, 

A. A. Rangwalla. Sterling Software. NASA/ARC 

3/1 

N^bers° n ° f UnStCady FI ° W f ° r an Advanced Gas Generator Turbine at High and Low Subsonic Mach 

W. 0^““ AS K A/MS B FC°' d ' C R ' S ° d " b " g ' J ' B G ' m ' J B S, "‘ > “ h ' P, * U & Whil “ ey “ d L 

384 

CFD Benchmark Data for Pump Flows, 

LJ.^ d „.L" SU ' L ' B, °'° WSti ' ° ° h “ T “ d L - R “ i “- R »'*' ld ^' D i vision, 

396 



Incompressible Navier-Stokes Computations in Pump Flows. 

C. Kiris. MCAT Institute. D. Kwak and S. Rogers, NASA/ARC 


Inducer Analysis and Pump Model Development, 

S. Chen, Engineering Sciences, Inc., G. C. Cheng, SECA. Inc., and R. Garcia, NASA/MSFC. 417 
Hydrodynamic Design of Generic Pump Components, 

G. H. Prueger, \\ ,-C. Chen, D. C. Chan and A. H. Eastland, Rocketdyne Division, Rockwell Interna- 
tional 

426 


Static Brush Seals for Propulsion System Interfaces, 

R. C. Hendricks, J. A. Caxlile and A. D. Liang, B. M. Steinetz, NASA/LeRC, B. T. Easter J W 
Onstott. Rocketdyne Division, Rockwell International, and H. Howe, Technetics.Inc 432 


Development of a Knowledge Based System for Turbopump Seals, 

A. D, Liang, R. C. Hendricks. NASA/LeRC. W. Shapiro, and B. Aggarwal. 


Mechanical Technology 
440 


Development of a CFD Code for Accurate 3D Analysis of Cylindrical Seals. 
A. J. Przekwas, M. M. Athavaie. CFD Research Corporation R C 
NASA/LeRC ' ' 


Hendricks and 


A. 


Liang, 

447 


Turbulence Measurements of High Shear Flow Fields in a Turbomachine Seal Configuration 
G. L. Morrison, R. E. DeOtte, Jr., and H. D. Thames, III, Texas A & M Univ 


Thermohydrodynamic Analysis of Cryogenic Liquid Annular Seals, 
L. San Andres. Z. Yang, and D. W. Childs, Texas AtM University 


Theory Versus Experiment for Short (L/D = 1 / 6 ) Honeycomb 
D. W. Childs and G. F. Klevnhans. Texas A t M Univ 


and Smooth Annular Pressure Seals, 
488 


Computational Analysis of Bearings. Seals and Material Tester Cavitv Flows 

R. K. Avva, M. L. Ratcliff. CFD Researh Corp.. R. W. Williams and P K 
NASA/MSFC... 


McConnauehev 

49- 


Probabilistic Rotor instability Analysis, 

Y.-T. Wu. T. Y. Torng, and O. H. Burnside. Southwest Research Institute 


NDE of PWA 1480 Single Crystal Turbine Blade Material. 

S. J. Kliiua, T. W. Orange and R. L. Dreshfield, NASA/LeRC 


522 


Cryogenic Damper-Test Facility and Curved Plate Damper Results. 

A. B. Palazzolo Texas A & M Univ.. A. F. Kascak. U. S. Army, R. Gadangi, J. Moore, Texas A k M 
Univ. and E. Olan, E. I. DuPont 


Numerical Analysis of the Three-Dimensional Viscous Flow m the Pratt k Whitnev SSME HPFT D 
Iwo-Stage Turbine, 

K. R. Kirtley, W T . A. Maul. Ill, and T. A. Beach. Sverdrup Technologies 544 

The Unsteady Aerodynamic Analysis: LINFLO, 

J. M. Verdon, United Technologies Research Center 

Forced Response Prediction System (Current Status). 

D. V. Murthy, Univ. of Toledo and G. L. Stefko. NASA/LeRC 56 e 



Analysis of Flexibility Enhancements to Rolling Element Bearing Mechanics. 

L. M. Greenhill. D. H. Merchant. C. S. Vallance. Gencorp Aerojet Propuision Division, and S G Rvan 
NASA/MSFC • ' 

O/o 

Table of Contents of Volume II roo 

oob 

List of Participants 


Author Index 


614 



NASA Conference Publication 31 74, Vo/. II 


Advanced 

Earth-to-Orbit 

Propulsion 

Technology 

1992 


n n w , K * Kichmond 

George C Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 


S X W' 

The University of Alabama in Huntsville 
Huntsville, Alabama 


Proceedings 01 a conference neia ai 
NASA George C. Marshall Space Flight Center 
Marshall Space Flight Center. Alabama 
May 19-21. 1992 


NASA 

National Aeronautics ana 
Space Aomimstration 

Office of Management 

Scientific and Tecnmcal 
Information Program 

1992 




Foreword 


VOLUME n 
TABLE OF CONTENTS 


FLUID AND GAS DYNAMICS 

Chairpersons: H. G. Struck, NASA/MSFC and R. E. Gaugler, NASA/LeRC 

Experimental and Computational Results from a Large, Low-Speed Centrifugal Impeller, 

M. D. Hathaway, U.S. Army Propulsion Directorate, R. M. Chriss, J. R. Wood, and A. 3. Straxisar 
NASA/LeRC ^ 

Flow Field at the Nozzle Exit of the Penn State Axial Flow Turbine Facility, 

B. Lakshminaxayana and M. Zaccaria, Penn State Univ U 

Time Averaged Heat Transfer and Pressure Measurements for Comparison with Prediction for a Two- 
Stage Turbine, 

M. Dunn, J. Kim, Calspan/UB Research Center, K. Civinskas and R. Boyle, NASA/LeRC 25 

Flow Study in Supersonic Turbine Stages for Rocket Engines, 

C. Hah, NASA/LeRC 41 

Comparison of Three-Dimensional Viscous SSME Heat Transfer Computations with Experiment, 

R. J. Boyle, NASA/LeRC and P. W. Giel, Sverdrup Technology Inc 4 g 

Two Fluid Mixing, 

Y. Haidalupas, H. McDonald and J. H. Whitelaw, Imperial College of Science, Technology and Medicine, 
United Kingdom 

SSME Turbine Heat Transfer Prediction Using Advanced Turbulence Modeling, 

A. A. Ameri, NASA/LeRC 73 

Applications of Two Layer Modeling to Complex Flows. 

C. P. Chen, K. L. Guo and P. Huang, Univ, of Alabama in Huntsville 85 

Adaptive Grid Solutions for Internal Flow, 

Y.-M. Kim and B. Gatlin, Mississippi State Univ 95 

Calculation of Internal Flow in a Hot-Gas Manifold Pilot Model, 

S. K. Choi, R.C. Buggein, Scientific Research Associates, Inc 104 

Reliability Enhancement of Navier-Stokes Codes Through Convergence Enhancement, 

C. L. Merkle, G. Dulikravich, S. Venkateswaran, K. Choi, and P. E. O. Buelow. Penn State 
University ^ 

Propulsion Applications in NumericaJ Grid Generation, 

B. K. Soni, Mississippi State Univ 124 

Comparative Study of Advanced Turbulence Models for Turbomachinerv, 

A. H. Hadid and M. M. Sindir, Rocketdyne Division, Rockwell International 134 

Treating Convection in Sequential Solvers, 

W. Shyy, S. Thakur, Univ. of Florida and P. K. Tucker, NASA/MSFC 144 


SS5S: C ' U "“ * *— M >«. Capably „d Code 

S. J. Lin. S. L. Ba.eon ,»d M. M. Sindh. Roeke.dyn, Di.ieion. Rock»el) I„,e, n »„ onii 

IGNITION AND COMBUSTION PROCESSES 

Chairpersons: C. S. Cornelius NASA/MSFC and M. D. Klein NASA/LeRC 


Combustion- Wave Ignition for Rocket Engines. 

L. C. Liou, NASA/LeRC 

165 

nsjsassrs. 

3-D Combustor Acoustic Analysis, 

R. J- Priem, Priem Consultants and K. J. Breisacher, NASA/LeRC 209 

Liquid- Propellant Combustion Instabilities in F-l Ensinea- A rv.. u r, 

J. C. Oefelein and V. Yang, Penn State Univ * A C °“P rehcn «^ ^iew, 

219 

EOgine Combustlon Chamber Design and Fabrication 
J- D. Brady and J. C. Vega, Rocketdyne Div.. Rockwell Internal | 230 

fatigue/fracture/life 

Chairpersons: G. C. Fade, NASA/MSFC and M. A. McGaw, NASA/LeRC 

2 4 { j 

NASCRAC Fracture Mechanics Computer Code Verification 

^ C " P " A ' R R. Stallworth „ d C. 

250 

Imptovemeatin .he Database for Crack G,o..h Propel., 

NASA/jIc L ' C - **— • E »«> Sei. Co. and R. G. Forntan. 

258 

Cumulative Damage Concepts in Thermomechanical Fatigue 
M. A. McGaw, NASA/LeRC 8 

267 

Technology, Inc . P " >!> ' US,0n D.ree.o.ate NASA/LeRC. and S. Kalluri. Sverdruo 

279 



BEARING MATERIALS DEVELOPMENT AND NON-DESTRUCTIVE EVALUATION 

Chairpersons: S. J. Gentz. NASA/MSFC and R. L. Thom. NASA/MSFC 


Analysis of Rolling Contact Spall Life in 440C Bearing Steel, 

P. C. Bastias. G. T. Hahn, V. Gupta, C. A. Rubin Vanderbilt University and X. Leng TRW Safety 
^ StemS 289 

Systems Design of Advanced Bearing Steels, 

T. A. Stephenson C. E. Campbell and G. B. Olson. Northwestern Univ ogg 

Selection of Materials for Bearing Applications in Oxygen, 

J. Dees, J. Peterson. Lockheed-ESC and J. M. Stoltzfus. NASA/JSC 308 

Measurement of the Mechanical Properties of Thin. Hard Coatings at Ambient and Low Temperatures. 

K. B. Yoder, D. S. Stone, Univ. of Wisconsin-Madison. W. D. Sproul and P. J. Rudnik. Northwestern 

Univ 

Concerning Hieh Eddy Current Indications in Localized Region of Racewav for ATD 440C Ball Bearing 
Outer Race PWA 4750349 3*89566-8, " 

H. A. Chin. D. A. Haluck, J. A. Umbacli and J. T. Sinski. UTC-Pratt Whitney 327 

Eddy Current Inspection of Space Shuttle Main Engine/ Alternate Turbopump (SSME/AT) Bearings at 
Pratt k Whitney, 

R. R. Stephan. Pratt k Whitney/Government Engines and Space Propulsion 336 

Lubrication /Corrosion Protection Bimetal Coating for Cryogenic Bearing Steel AISI 9310. 

H. A. Chin, D. A. Haluck, R. W. Bursey, Jr. and H. M. Privett III. UTC-Pratt k Whitney 343 

Cryogenic Turbopump Bearing Material Development Program. 

R. F. Spitzer, MRC Bearing, H. A. Chin, and D. A. Haluck. Pratt k Whitney 353 

BEARINGS 

Chairpersons: R. L. Thom. NASA/MSFC and J. F. Walker. NASA/LeR C 
Tribometer Testing of Turbopump Bearing Materials. 

Y. Naerheim S. E. McVey and E. J. Kreig. Rocketdvne Division. Rockwell International 361 

High Performance Cryogenic Traction Test Facility, 

P. B. Hall, NASA/MSFC and J. L. Tevaarwerk, Battelle Memorial Institute 369 

Improvements to the BASIC Retainer, 

J. B. Gleeson and J. Kannel. Battelle 3§2 

Development of Rub Tolerant Cryogenic Ball Bearing Cage for High DN Applications. 

R. W. Bursey. Jr, Pratt k Whitney 392 

Tribological Behavior of 440C/Diamond-Like-Carbon Film Couples. 

A. J. Siifka. R. Compos, National Inst, of Standards and Technology. R. Wei. P. Wilbur. Colorado State 
Univ., and D. K. Chaudhuri, Tennessee State Univ 393 



Im piemen i t a 1 1 o' ii "o rTa S p er s ^ ? C o in p^m Bea " ng AnaIySiS Mcthodol °^ Subsequent Software 

D. E. Marty, J. D. Moore, and J. C. Cody, SRS Technologies 

6 404 

Xf ,SSb 5£ “ d T “ l °' Sp *" Shau,t M * in ,SSME > Ah ""“' ***«» w 

D. A. Haluck. R. W. Burse., J,„ and W. L. Gamble. Pratt i Whitney <0# 

Bearing Test Performed in Liquid Oxygen, 

H. G. Gibson and S. D. Fears, NASA/MSFC 

417 

Jilri “S 

Bearing Coolant Flow Optimization, 

“:wf. ub ^r"L!: L K : b ‘.‘." d A - H H * d “- ■.« ..u^. T . 

439 

^p S w e ,r rC MA C e nt r Cry0gemc Bea “»? Tester Results. 

al er. NASA/LeRC and F. Schuller. Sverdrup/LeRC 

450 

?*Z:< C r*™ Turbopump Bearings by XPS and SEM/EDS, 

• • Walker, D. Jayne, A. Korenyi-Botli, F. Honecy, and C. DellaCorte, NASA/LeRC 461 

Operating Characteristics of an 85-MM Ball Bearing in RP -1 to 1.7 Million DN 

H. E. Addy. Jr.. NASA/LeRC and F. T. Schuller. Sverdrup Technology [ 47] 

Overview of Foil Bearing Investigations at Penn State 
M. Carpmo. Penn State Univ 

483 

E"DiR, f ,l C ' y 0 J T" K , M a*"' tK wi,h P "»“",„t Magnet Brns. 

“* DiRusso and G. \ . Brown. NASA/LeRC.. 

491 

STRUCTURAL DYNAMICS 

Chairpersons: L. A. Kiefiing. NASA/MSFC and C. C. Chaims. NASA/LeRC 
Reliabihty/Risk Methods for Engine Structures. C. C. Chamis. NASA/LeRC 

i 

h'm™'* 1 . R ' Ua “ i i' V Assessment (SRA) Capability in NESSUS, 

H. Mlllwater. and Y.-T. Wu. Southwest Research Institute 

511 

Probabilistic Boundary Element Structural Analysis 
Q- Huang and T. A. Cruse. Vanderbilt Univ.....'...’ 

522 

Ptobabamic Space Shuttle Mai. Engine Load Si, uniat, on: Enhanced Capability, 

, sewell. and H. Ho. Rocketdyn, Division, Rockwell International . . . . 53 ., 

Blade Tip Rubbing Test Experience, 

G. A. Davis and R. C. Clough, Rocketdyne Division. Rockwell International 54 , 

An Interactive Fluid/Structure Interaction Analysis Computer Program. 

NASA/MSFC alle11 ' K ' S ' RaV ’ Rockwel] International. T. E. Nesman. and D. K. Reed. 

552 



Acoustic Characteristics of Turbomachinery Cavities, 

M. J. Lucas and K. J. Plotkin. Wyle Labortatories 

Exploring How Shroud Constraints Can Affect Vibratory Response in Turbomachinery, 
J. H. Griffin and M.-T. Yang, Carnegie Mellon Univ ' 

Detection of Degradation in Turbomachinery Bearings, 

W. D. Doriand. T. Coffin, and J. Cockburn, Wyle Laboratories 


Some Recent Developments in Turbomachinery Diagnostic Monitoring, 

T F Z°”ad T NA ffin W L SwaDS ° n ' Wyle Laboratories < J - E. McBride, J. H. Jones, and P. C. Jones, 

CONTROLS 

Chairpersons: D. P. Valiely, NASA/MSFC and W. C. Merrill. NASA/LeRC 


An Advanced Framework for Control of Reusable Rocket Engines, 

E. Nemeth. R. R. Anderson, J. Maram. A. Norman, Rocketdvne Division. Rockwell 
W. Merrill, NASA/LeRC 


International, and 
595 


A Demonstration 
J. L. Musgrave. 
NASA/LeRC 


of an Intelligent Control System for a Reusable Rocket Engine, 

D. E. Paxson, NASA/LeRC, J. S. Litt, U. S. Army, and W. C. Merrill. 
-. 613 


Real-Time Diagnostics for a Reusable Rocket Engine, 

T. H. Guo, W. Merrill. NASA/LeRC and A. Duyar, Florida Atlantic Univ 622 

Implementation of an Intelligent Control System, 

D. L. Simon, U.S. Army, E. Wong, and J. L. Musgrave, NASA/LeRC .... 634 

Life Extending Control for Rocket Engines, 

C. F. Lorenzo. J. R. Saus. NASA/LeRC. A. Ray, M. Carpino. M.-K. Wu. Penn State Univ. 644 

Procedural Automation of Space Shuttle Main Eneine ( SSME) Fault Diagnostics 

J. Pooley and W. Thompson. SPARTA. J. McBride. J. Jones and T. Zoladz. NASA/MSFC 661 

Accommodation of Repressurization and Venting Effects in the SSME Real-Time Failure Control Algo- 


H. Panossian and V . Kemp, Rockwell International 

Table of Contents of Volume I 

List of Participants 


684 

691 

696 


Author Index 


717 



Gene Addy 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 

Bharat Aggarwai 
Mechanical Technology, Inc. 

968 Albany-Shaker Rd. 

Latham, NY 12110 

Pravin K. Aggarwai 
NASA/MSFC 
ED 25 

MSFC, AL 35812 

David B. Allen 
Carnegie Mellon University 
Mat. Sci.& Engr. Dept. 

5000 Forbes Avenue 
Pittsburgh, PA 15213 

Ali A. Amen 

Lewis Research Center 

5-11 

21000 Brookpark Rd. 

Cleveland, OH 44135 

Brenda L. Lindley- Anderson 

MSFC NASA 

EP55 

Huntsville. AL 35812 
Ram K. Avva 

CFD Research Corperation 
3325-D Triana Blvd. 

Huntsville, AL 35805 

Markus A. Baker 
NASA/MSFC 
EH 14 

MSFC, AL 35812 
Ron Baldwin 

Martin Marietta Energy Systems 

Oak Ridge National Laboratory 

Bldg. 6155 

P.O. Box 2008 

Oak Ridge, TN 37831 


1ST OF PARTICIPANTS 

Rick Ballard 

Sverdrup Technology/ MSFC Group 
MP53 

620 Discovery Dr. 

Huntsville. AL 35801 

Bart Barisa 
NASA/MSFC 
625 Efplanaae # 39 
Redondo Beach. CA 90277 

Sarkis Barkhoudarian 
Rockwell Int’l Rocketdvne Div. 

JB21 

6633 Canoga Avenue 
Canoga Park. CA 91303 

Brian B. Barrontine 
Crils pan- Marshall Oper. 

S tennis Space Center 
B-l Complex 
SSC, MS 39529 

Mark Battison 
Williams International 
MS 5-18 

2280 W. Maple Rd. 

P.O. Box 200 
Walled Lake. MI 48390 

Ernest R. Bedegrew 

Lockheed Missies &c Space ConiDanv Inc 
ORGN 81-90, Bldg. 157 
1111 Lockheed Way 
Sunnyvale. CA 94089-3504 

Theodore A. Benjamin 
NASA/MSFC 
ED 32 

MSFC, AL 35812 

Raymond C. Benn 
Textron Lycoming 
Engineering Dept. LSD7 
550 Main St. 

Stratford. Ct 06497 


* RECEDING PAGE BLANK NOT FILMED 



Ron Bes hears 
NASA/MSFC 
EH 13 

MSFC, AL 35812 

Biliyar N. Bhat 
NASA/MSFC 
EH 23 

MSFC, AL 35812 

Larry Van Bibber 

Westinghouse Electric Corp. 

Advanced Programs 

ED Building 

P.O. Box 158 

Madison. PA 15663-0158 

Randy Bickford 
Areojet Propulsion Division 
B/2019A, D/5154 
P.O.Box 13222 
Sacramento, CA 95813 

Felix E. Bircher 
Sverdrup Technology, Inc. 

Bldg. 2109 
SSC t MS 39529 

Ron Biroscak 
FAG Bearings Corp. 

35 Corporate Drive 
Trumbull, CT 06611 

William P. Blankenship 
Westinghouse Electric Corp. 

P.O. Box 10864 
Pittsburgh, PA 15236 

Robert W. Bond 
IIT Research Institute 
Metallurgy Research Facility 
Building 4618 
MSFC, AL 35812 

Frank G. Borgardt 

Lockheed Missiles and Space Co. Inc. 

81-50/157 

1111 Lockheed Way 
Sunnyvale, CA 94089-3504 


R.J. Boyle 
NASA/LeRC 
MS 5-11 

21000 Brookpark Rd. 
Cleveland, OH 44135 

Fred Braam 
NASA/MSFC 
EP 52 

MSFC, AL 35812 

Walter W. Brandon, Jr. 
NASA/MSFC 
PD 13 

MSFC, AL 35812 

James VV. Bransford 

Nat’l Inst, of Stand. ^Tech. 

853.07 

325 Broadway 
Boulder, CO 80303 

Carl W. Brasier 
Sverdrup Technology, Inc. 
Group EL5, Mail Stop 900 
Arnold AFB, TN 37389 

Barry Bieindel 
Gencorp- Aerojet 
700 Boulevard South STE 301 
Huntsville, AL 35802 

Kevin Breisacher 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 

Jerry W. Brockmeyer 
Rockwell International 
MS IB33 

6633 Canoga Ave. 

Canoga Park. CA 91303 

Gerald V. Brown 

NASA/LeRC 

23-3 

21000 Brookpark Rd. 
Cleveland. OH 44135 



Richard C. Buggein 
Scientific Research Asoc., Inc. 
P.O.Box 1058 
Glastonbury, CT 06033 

Wendei M. Burkhardt 
Aerojet Propulsion Division 
Dept. 5154/ BLDG. 2019 
P.O.Box 13222 
Sacramento, CA 95813-6000 

R. W. Bursey 
Pratt & Whitney 
P.O. Box 109600 
W Palm Bch t FL 33410-9600 

Dr. Barry L. Butler 
Science Applications 
International Corp. (SAIC) 
C2J 

10260 Campus Point Drive 
San Diego, CA 92121 

Julie A. Carlile 

NASA/LeRC 

SPTD-2 

21000 Brookpark Rd. 
Cleveland, OH 44135 

Marc Carpino 
Penn State University 
203 A Mechanical Engr. 
University Park, PA 16802 

Christos C. Charms 

NASA-LeRC 

49-8 

21000 Brookpark RD. 
Cleveland, OH 44135 

Robert H. Champion 
NASA/MSFC 
PD 13 

MSFC, AL 35812 
J.K. Chang 

Rockwell Int’l/Rocketyne DV 
AC37 

6633 Canoga Avenue 
Canoga Park, CA 91303 


Jack M. Chapman. II 
NASA/MSFC 
PD 13 

MSFC, AL 35812 

Dilip K. Chauduri 
Tennessee State Universitv 
3500 John A. Merritt Blvd. 
Nashville, TN 37209 

C.P. Chen 

U of Alabama in Huntsville 
Dept, of Chemical Engr. 
Huntsville, AL 35899 

Po-Shou Chen 
IIT Research Institute 
Bldg 4618 
MSFC, AL 35812 

Yen-Sen Chen 
Engineering Sciences, Inc. 
4920 Corporate Dr., STE K 
Huntsville, AL 35805 

Don chenevert 
NASA 

Stennis space Center 
Bldg. 1100 
SSC, MS 39529 

Dr. Dara Childs 
Texas A&M University 
3123 

Turbomach. Lab/Mech. Eng 
Col. Sta., TX 77843-3123 

Herbert A. Chin 

Pratt & Whitney 

MS 706-38 

P.O. Box 109600 

W Palm Bch. FL 33410-9600 

Alan Chow 
NASA/MSFC 
EP 55 

MSFC, AL 35812 



Dr. Hui- Huang Chyou 
United Technologies - USBI 
C-6000 Technology Drive 
Box 1900 

Huntsville, AL 35807 

James E. Clark 
NASA/MSFC 
ER 21 

MSFC, AL 35812 

Joe C. Cody 
SRS Technologies 
990 Explorer Blvd NW 
Huntsville. AL 35806 

Thomas Coffin 
Wyle Laboratories 
EB7c 

P.O.Box 1008 
Huntsville. AL 35807 

David G. Coggin 
Sverdrup Technology, Inc. 

620 Discovery Drive 
Huntsville, AL 35806 

John E. Cole III 
Cambridge Acoust. Asoc.. Inc. 
80 Sherman St. 

Cambridge, MA 02173 

Fred Cone 

Pratt k Whitney 

MS 706-38 

P.O. Box 109600 

W Palm Bch, CA 33410-9600 

R. Congo 
NASA/MSFC 
EH 32 

MSFC. AL 35812 

Charles Cornelius 
NASA/MSFC 
EP 61 

MSFC, AL 35812 


Dr. Thomas L. Cost 
U of Alabama m Huntsviile 
Dept, of Mechanical Eng. 
Huntsville. AL 35899 

Brad Cowles 
Pratt k Whitnev 
714-70 

P.O.Box 109600 
W Palm Bch. FL 33410-9600 

George B. Cox. Jr. 

Pratt k Whitney 
MS 715-89 
P. O. Box 109600 
W Palm Bch. CA 33410-9600 

Kenneth J. Cox 

NASA /Johnson Space Center 

EG 

NASA Road 1 
Houston, TX 77058 

William K. Crain 
United Technologies- USBI 
C600 

9037 Craigmont Rd. 
Huntsville, AL. 35802 

Dr. T. A. Cruse 
Dept, of Mech. Engr. 
Vanderbilt University 
Box 1597 Station B 
Nashville. TN 37235 

Leslie Curtis 
NASA/MSFC 
ER 21 

MSFC, AL 35812 

Jonathan Mark Darden 
NASA/MSFC 
ED 14 

MSFC. A1 35812 

David P. Davidson 
Rotadata. Inc. 

1 1584 Goldcoast Dr. 
Cincinnati. OH 45249 



Laurence M. Davies 
United Technologies USB I 
C-6000 
Box 1900 

Huntsville. A L 35807 
G. Davis 

Rocketdyne Division 
Rockwell Int 7 l 
6633 Canoga Ave. 

Canoga Park. CA 91303 

Joe D. Davis 
NASA/MSFC 
EH 53 

MSFC, AL 35812 

Arthur J. Decker 

NASA/LeRC 

77-1 

21000 Brookpark Rd. 
Cleveland, OH 44135 

Jesse Dees 
Lockheed- ESC 
Bldg. 200 
P.O. Drawer MM 
Las Cruces, NM 88001 

Daniel P. DeLuca 

Pratt k Whitney 

MS 707-20 

P.O. Box 109600 

W Palm Bch, FL 33410-9600 

Charles S. Dennis ton 
NASA/MSFC 
ED 25 

MSFC, AL 35812 

Forin Dimofte 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland. OH 441 

Dr. Ravinder M. Diwan 
Southern University 
Mechanical Engineering Dept. 
Baton Rouge, LA 70813 


Chris Dobson 
NASA/MSFC EP 55 
MSFC. AL 35812 

Glenn R. Dodd 
NASA/MSFC 
PP 03 

MSFC. AL 35812 

Wade Dorland 
Wyle Laboratories 
EB7c 

P.O.Box 35807 
Huntsville. AL 35807 

Karen C. Dovie 
NASA-Stenms Space Ctr 
BLDG. 1100 
SSC.MS 39529 

Robert Dreshfieid 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland. OH 44135 

David Duncan 
Duncan Technologies 
P.O. Box 1150 
Newcastle, CA 95658 

Michael Dunn 
Calspan Corperation 
P.O.Box 400 
Buffalo, NY 14225 

T. W. Duryea 
Rocketdyne Div. 
Rockwell Int‘i 
6633 Canoga Ave. 
Canoga Park. CA 91303 

A.H.J. Eastland 
Rockwell Int*l-IA34 
6633 Canoga Ave. 
Canoga Park. C’A 91303 

David L. Ellis 
NASA/LeRC 106-5 
21000 Brookpark Rd. 
Cleveland, OH 44135 



David Elrod 

Sverarup Technology, Inc. 
*20 Discovery Drive 
Huntsville. AL 35806 

William J. Emrich. Jr. 
NASA/MSFC 
PD 13 

MSFC. AL 35812 

Michael Epstein 
Allied-Signal Aerospace Co. 
2/13 

Williams Ave. 

Teterboro. NJ 07608 

William J.D. Escher 

NASA-HO 

RST 

600 Independence Ave. SW 
Washington. D.C. 20546 

Richard Eskridge 
NASA/MSFC 
EP 55 

MSFC. AL 35812 

Gwyn C. Faile 
NASA/MSFC 
ED 25 

MSFC, AL 35812 

John E. Farmer 

NASA 

ED14 

501 Greendale Dr. 
Huntsville. AL 35806 

Tracy Farris 

Rockwell International 

ZA06 

555 Discovery Dr. 
Huntsville. AL 35806 


Jim Favenesi 

Nichols Research Corp. 

MS4-2-OOB 

4040 South Memorial Pkwy. 
Huntsville. AL 35802 


Shawn rears 
NASA/MSFC 
EP 62 

MSFC. AL 35812 

Steven C. Fisher 
Rockwell International 
MS IA06 

6633 Canoga Ave. 

Canoga Park. CA 91303 

Valery Paige Fortner 
Tennessee Tech. University 
Center for Electric Power 
Box 5032 

Cookeville. TN 38505 

Tom Fox 
NASA/MSFC 
ED 14 

MSFC. AL 35812 

Ron Franz 
SECA. Inc. 

3313 Bob Wallace Ave 
Suite 202 

Huntsville, AL 35805 

Janies V. French 
Pratt ic Whitney 
740-16 

P.O.Box 1900 
Huntsville. AL 35807 

Leslie G. Fritzemeier 
Rockwell International 
IB33 

6633 Canoga Avenue 
Canoga Park. CA 91303 


Kerry M. Funston 
NASA/MSFC ED 14 
MSFC, AL 35812 

Wayne R. Gaiuweil 
NASA/MSFC EH 23 
MSFC, AL 35812 



Lt. J Anthony Gandy 
Space Systems Division 
Advanced Dev. Program 
Norton AFB, CA 92409 

Fred Garcia 

Rockweii Int'L Rocketavne Div. 
950 Explorer Blvd. Suite 3B 
Huntsville, AL 35806 

Donald Gardner 
Sverdrup Technology, inc. 

Bldg. T-2109 
Stennis Space Center 
SSC. MS 39529 

B. Gatlin 

Mississippi State Univ. 
Engineering Researcn Ctr. 

P.O. Box 6176 
Mississippi State. MS 39762 

Ray Gaugier 
NASA/LeRC 
21000 Brookpark Rd. 

Cleveland, OH 44135 

Jim Gauntner 

NASA/LeRC 

21000 Brookpark Rd. 

Cleveland, OH 44135 

Dr. Raymond L. Cause 
Science Applications 
Int’l Corp. (SAIC) 

6725 Odyssey Drive 
Huntsville. AL 35806 

Gary Genge 
NASA/MSFC 
EP 62 

MSFC. AL 35812 


Steven j. Gentz 
NASA/MSFC 
EH 22 

MSFC. AL 35812 


Dr. William W. Geroench 
Client. Engr. &: Mat. Sci. 

151 Amundson Hall 
University of Minnesota 
Minneapolis. MN 55455 

George F. Gessier 
Honeywell. Inc. 

479-5 

13350 U.S. Hwy. 19 N. 
Clearwater. FL 34624 

Howard G. Gibson 
NASA/MSFC 
EH 14 

MSFC. AL 35812 

Valerie Gibson 
Aerojet Propulsion Div. 

BLDG 2019 RM. 2542 
P.O.Box 13222 
Sacremento. CA 95813 

Richard L. Gilbrech 
NASA -SSC 
Bldg. 1100 
SSC, MS 39529 

Jim Gleeson 

Battelle 

505 King Ave. 

Columbus. OH 43201 

Fredrick Gluszek 

Pratt & Whitney 

MS 740-16 

P.O. Box 109600 

W Palm Bch. FL 33410-9600 

Sol Gotland 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland. OH 44135 

Stephen M. Graham 
Materials Engi. Assc.. Inc. 
9700-B M. L. King, Jr. Hwv 
Lanham. Maryland 20706-1837 


CR'GINAL PAGE IS 
OF POOR QUALITY 


Larry Greer 
NASA/LeRC 77-1 
21000 Brookpark Rd. 
Cleveland, OH 44135 

Jerry H. Griffin 
Carnegie Mellon Univ. 
Mechanical Engr. Dept. 
Pittsburgh, PA 15213 

Lisa W. Griffin 
NASA/MSFC 
ED 32 

MSFC. AL 35812 

Clark Grove 
Edwards AFB 
6500 sw/ MSCT 
Edwards AFB, CA 

T.H. Guo 

NASA/LeRC 

77-1 

21000 Brookpark Rd, 
Cleveland. OH 44135 

V. Gupta 
Vanderbilt Univ. 

Mat. 5ci.& Engr. Dept. 
Knoxville, TN 37235 

Chumil Hah 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 

Keith Hale 

Texas A&M University 
MS 3123 

Turbomachinery Lab/ME 
Coll. St*.. TX 77843-3123 


David A. Haiuck 
Pratt L Whitney 
715-91 

P.O.Box 109600 

West Palm Beach. FL 33410-9600 

Dr. Walter E. Hammond 
Sverdrup Technology, inc. 

Sys. Anal.& Itegr. Dept. 

620 Discovery Drive. NW 
Huntsville. AL 35806 

J. Har bison 
NASA/MSFC 
EP 64 

MSFC. AL 35812 

Y. Hardaiupas 
Imperial College 
Mechanical Engin. Dept. 

London SW7 2BX. England 

Dr. Dallis A. Hardwick 
Rockwell International 
MS A25 

1049 Camino Dos Rios 
Thousand Oaks, CA 91360 

Michael D. Hathaway 
U.S. Army Propulsion Dir. 

MS 5-11 

21000 Brookpark Rd. 

Cleveland. OH 44135 

Thomas Haykin 
USBI Company 
USB-HV-AE-2 
188 Sparkman Dr. 

P.O.Box 1900 
Huntsville. AL 35807 


J. Heaman 
NASA/MSFC 
ED 35 

MSFC. AL 35812 

P. B. Hall Bob Hendricks 

NASA/MSFC NASA/LeRC 

EH 14 21000 Brookpark Rd. 

MSFC. AL 35812 Cleveland. OH 44135 



Julie Henkener 
Lockheed Engr.& Sci. Co. 

322 

-400 NASA Rd. 1 
Houston, Texas 77058 

Tom Herbeil 
NASA /Left C 
21000 Brookpark Rd. 
Cleveiand. OH 44135 

David Kissam 
NASA/MSFC 
ER 64 

MSFC. AL 35812 

Ronald Horn 
Aerojet Propulsion Div. 
2019A2 Dept. 5268 
P.O.Box 13222 
Sacramento, CA 

F.W. Huber 

Pratt & Whitney GESP 
715-92 

P.O.Box 109600 

W. Palm Bch, FL 33410-9600 

Don Hull 
NASA/MSFC 
CP 11 

MSFC. AL 35812 

Gary Hunter 
NASA/LeRC 
77-1 

21000 Brookpark Rd. 
Cleveiand. OH 44135 

John Hutt 
NASA/MSFC 
EP 55 

MSFC. AL 35812 


Matthew A. Isham 
NASA/MSFC 
EH 34 

MSFC. AL 35S12 

Bob J. Jackson 
£ unstrand Aerospace 
Mechanical Systems/ MS 430E6 
4747 Harrison Ave. 

P.O. Box 7002 
Rockford. IL 61125-7002 

E. D. Jackson 
Rockwell International 
JB15 

6633 Caonga Ave 
Canoea Park. CA 91303 

Maria-Chnstina jackson 
Cniv. ol Wisconsin at Madison 
225 W. Gilman 
Madison. WI 53703 

Tamara- Corina Jackson 
Univ. of Wisconsin at Madison 
225 W. Gilman 
Madison. WT 53703 

Bob Jacobs 
IITRI/MRF 
Building 4618 MSFC 
MSFC. AL 35812 

Kenneth A. James 
CSU at Long Beach 
12881 Knott St., STE 109 
Garden Grove. CA 92641 

Timothy R. Jett 
NASA/MSFC 
EH 14 

MSFC. AL 35812 


Mike ise 
NASA/MSFC 
EP 52 

MSFC. AL 35812 


Robert P. Jewett 
Rocketdvne IB 17 
6633 Canoga Ave. 
Canoga Park. CA 91303 



C.W. Johnson 

Seiin K. Kahns 

Dynamics Researcn Corp. 

NASA-LaRC 

1077 Leeman Ferrv Rd. 

235 

Huntsviiie. AL 35802 

Hampton. VA 23665 

Lawrence M. Johnston 

S. Kalluri 

NASA/MSFC 

Sverdrup Tech.. Inc. 

ED 25 

NASA/LeRC Group 

MSFC. AL 35812 

21000 Brookpark Rd./ MS 49-7 

Harry M. Johnstone 
Sverdrup 

Cleveland. OH 44135 
Gerald R. Karr 

ALOO 

Univ. of Alabama in Huntsviiie 

SSC. MS 39529 

EB113 

Scott Johnstone 

Mechanical Engineering Dept. 
Huntsviiie, AL 35899 

NASA/MSFC EP 75 
MSFC. AL 35812 

William Kaukier 

C. S. Jones EH 42 

MSB C 203 
UAH 

NASA/MSFC 

Huntsville, AL 35899 

MSFC, AL 35812 
Steve Jones 

Thomas Kegel 

Colorado Engineering Experiment 

Martin Marietta 

Station. Inc. 

MS 4320 

54043 WCR 37 

P.O.Box 29304 

Nunn, CO 80648 

New Orleans, LA 70189 
William G. Jones 

Matti Kert 
Honeywell. Inc. 

NASA/MSFC 

922-5 

EL 56 

13350 US Hwy 19 N 

MSFC. AL 35812 

Clearwater, FL 34624 

Jen- Vi- Jong 

Larry A. Kie fling 

Wyle Laboratories 

NASA/MSFC 

EB7c 

ED 23 

P.O.Box 35807 

MSFC, AL 35812 

Huntsville, AL 35807 

Jonathan H. Kim 
NASA/MSFC 
PD 14 

MSFC. AL 35812 


John L. Jordan 
Sverdrup Technology, Inc. 
Bide. T-2109 
Stennis Space Center 
SSC. MS 39529 


Jungho Kim 
Calspan Corperation 
P.O.Box 400 
Buffalo. NY 14225 5 



Cetin Kiris 

MCAT Inst/ NAS A- Ames Res. Ctr. 
258-1 

NASA Ames Res. Ctr. MS 258-1 
Moffet Field. CA 94035 

Dr. Kevin R. Kirtiev 
Sverdrup/ LeRc Group 
2001 Aerospace Parkwav 
Brookpark. OH 44132-1099 

Mark Klem 

NASA/LeRC 

21000 Brookpark Rd. 

Cleveland. OH 44135 

Staniev J. Klim a 
NASA LeRC 
6-1 

21000 Brookpark Rd. 

Cleveland. OH 44135 

Dick Kline 

NASA-HQ 

MS Code R 

NASA Headquarters 

Washington. D.C. 20546 

Karl C. Knight 
Sverdrup Technology/ MS FC 
620 Discovery Drive 
Huntsville. AL 35738 

Michael P. Kovach 

Pratt it Whitney 

MS 707-22 

P-O. Box 109600 

W. Palm Beach, FL 33410-9600 

Ganesh N. Kumar 
Sverdrup Technology, inc. 

MD3 

620 Discovery Dr. 

Huntsville, AL 35805 

Fred Y. Kuo 
NASA/MSFC 
ED 14 

MSFC, AL 35812 


A.K. Kuruviiia 
IIT Research Institute 
Bldg. 4618 
MSFC. AL 35812 

Budugur Lakshininaravana 
Pennsylvania State University 
153 Hammond Bid*?. 

University Park. PA 16802 

Jay Lambert 

Nichols Research Corporation 
MS4-2-OOB 

4040 South Memorial Parkwav 
Huntsville. AL 35802 

Richard P. Leciaire 
SPARTA 

43210 Gingnam A ve 
Suite 6 

Lancaster. CA 93535 

Jonathan A. Lee 
NASA/MSFC 
EH 23 

MSFC, AL 35812 

James Lee 
NASA/MSFC 
EE 83 

MSFC. AL 35812 

Dr. Kon Leung 
United Technologies- USB I 
C-6000 Technology Drive 
Box 1900 

Huntsville. AL 35807 

Anita Liang 

NASA/LeRC 

21000 Brookpark Rd. 

Cleveland. OH 44135 


Yoon K. Liaw 
Rocketdyne Division 
Ste. 3B 

950 Explorer Blvd. 
Huntsville. AL 35806 


Larry Liou 

NASA/LeRC 

5PTD-2 

21000 Brookpark Rd. 

Cleveland. OH 44135 

1. Wayne Littles 
NASA/MSFC 
DD 01 

MSFC. AL 35812 

Baw-Lin Liu 
Rockwell International 
MS ZA06 

555 Discovery Drive 
Huntsville. AL 35806 

Tai-Sheng ueffrevi Liu 
USBI 

MS: U5B-HV-EN-EA 
P.O. Box 1900 
Huntsville. AL 35807 

Bill Loden 

CALSPAN 

BLDG. 4708: Room 220C 
MSFC. AL. 35812 

Joe Lopez 
Pratt & Whitney 
MS 711-67 
P.O.Box 109600 

W. Palm Beach. FL 33410-9600 

Carl Lorenzo 
NASA/LeRC 
77-1 

21000 Brookpark Rd. 

Cleveland, OH 44135 


Terry Lorier 
Rockwell International 
IB 1 5 

6633 C&noga Ave. 
Canoga Park. CA 91303 


Sam Lowry 

CFD Research Corperation 
3325-D Triana Blvd. 

Huntsviile. AL 35805 

Michael J. Lucas 

Wyle Laboratories 

2001 Jefferson Davis Hwv. Suite 701 

Arlington. Virginia 22202 

Randal W. L vcans 
United Technologies- USBI 
C6000 

P.O. Box 1900 
Hunisvivile. AL 35758 

Garry Lvies 
NASA/MSFC 
EP 51 

MSFC. AL 35812 

Lawrence C. Lynnworth 
Panemetncs INC. 

221 Cresent Street 
Waltham. MA 02154-3497 

Stuart G. MacDonald 
SNR Bearings USA, Inc. 

329 Veterans Blvd. 

Carlstadt, NJ 07072 

George Madzsar 

NASA Lewis Researcn Center 

SPTD-2 

21000 Brookpark Rd. 

Cleveland. OH 44135 

Darby Make! 

Aerojet Propulsion Division 
B/2019A-D/5154 
P.O. Box 13222 
Sacremento. CA. 95813-6000 


Ronald A. Marmot 
Sverdrup Technology 
620 Discovery Drive 
Huntsville, AL 35806 


ORIGINAL PAGE IS 
OF POOR QUALITY 



Larry A. Marshall 
Pratt iz Whitney-GESP 
'31-14 
109600 

West Palm Beach. PL 33410-9000 

Lisa Martin 
NASA/LeRC 

77-1 

31000 BrooKpark Rd. 

Cleveland. OH 44135 

David E. Marty 
SRS Technologies 
090 Explorer Blvd MW 
Huntsville. AL 35806 

Louis C. Maus 
NASA/MSFC 
PD 14 

MSFC. AL 35812 

R. Craig McClung 
Southwest Research Institute 
6220 Culebra/P.O. Drawer 28510 
San Antonio. TX 73228-0510 

Helen McConnauehev 
NASA /MSFC 
EP 01 

MSFC. AL 35812 

Paul McConnaugitev 
NASA /MSFC 
ED 32 

MSFC. AL 35812 

David M. McDaniels 
NASA /MSFC ED 35 
MSFC. AL 35812 

M. A. McGaw 

NASA/LeRC 

21000 Brookpark Rd. 

Cleveland. OH 44135 

Preston B. McGill 
NASA/MSFC 
EH 23 

MSFC. AL 35812 


David P. McGraw 
Honevweii-Hunisvule 
Eneineerme Center 
4801 University Square. Suite j j A 
Huntsville. AL 35816 

Melvin C. Mcllwain 
Aerojet Propulsion Division 
Dept. 5154/ BLDG. 2019 
P.O.Box 13222 
Sacramento. CA 95813 

Timothv N. McKechme 
Rocketdvne Division 
Ste. 3B 

950 Expiorer Blvd. 

Huntsville. AL 35806 

William o. Me Piierson 
NASA/ MSFC 
EH 23 

MSFC. AL 35812 

Jay A. Medlv 
NASA/MSFC 
EH 53 

MSFC. AL 35812 

David H. Merchant 
Aerojet Propulsion Division 
Dept. 5242 Bide. 2019-A2 
P.O.Box 13222 
Sacramento. CA 95813-6000 

Dr. Charles L. Merkle 
Pennsylvania State University 
Department of Mechanical Ener. 
104 Research Building East 
University Park. PA 16802 

Walt Merrill 
NASA/LeRC 77-1 
21000 Brookpark Rd. 

Cleveland. OH 44135 

Harrv Millwater 

Southwest Research Institute 

Bldg. 128 

P.O. Box 28510 

San Antonio. TX 78228-0510 


CO 


> 




GF POOR 



i amcs 5. Min 
NASA/MSFCE ED 25 
MSFC. AL 35812 

Neville R. Moody 
Sanaia National Laboratories 
Division 8712 
P.O.Box 969 

Livermore, CA 94551-0969 

James D. Moore 
5RS Technologies 
990 Explorer Blvd NW 
Huntsville. AL 35806 

Gerald L. Morrison 
Texas A&M University 
MS3123 

Mechanical Engineering Dept. 
ACoilege Station. TX 77S43-3122 

lames Moses 
ER 21 

NASA /MSFC 
MSFC. AL 35812 

Shaman Muilick 
Harris Space Sys.Corp. 

Rock 1/201 
295 Barnes Blvd. 

P.O.Box 5000 
Rockieage. FL 32955 

Durbha V. Murthy 
University of Toledo 
NASA/LeRC 
MS 23-3 

21000 Brookpark Road 
Cleveland, OH 44135 

Jeff Musgrave 
NASA/LeRC 77-1 
21000 Brookpark Rd. 

Cleveland, OH 44135 

Dr. Yngve Naerheun 
Rockwell Int’l Science Ctr. 

A12 

1049 Camino dos Rios 
Thousand Oaks, CA 91360 A 


Mark Neely 
NASA /MSFC EP 52 
MSFC. AL 355 12 

Howard G. Neison 
NAS A- Ames RC 213-3 
Moffettfieid. CA 94035-1000 

Robert W. Neuschaefer 
NASA/MSFC CO 11 
MSFC, AL 35812 

Jim F. Newell 
Rocketayne Division 
MS DD/545-126. JB11 
6633 Canoga Ave. 

Canoga Park. CA 91303 

Bill Nieberding 
NASA/LeRC 77-1 
21000 Brookpark Rd. 
Cleveland. OH 44135 

Ravi K. Nigam 
USBI 

MS: USB-HV-EN-EA 
P.O. Box 1900 
Huntsville. AL 35807 

Robert F. Nixon 
NASA/MSFC 
PT 31 

MSFC. AL 353 12 

Arnold Norman 
Rocketdyne Div. 

Rockwell IntU-IB03 
6633 Canoga Ave. 

Canoga Park. CA 90303 

Larry O'berie 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 

Joseph Oefelein 
Penn State University 
223 Research Buiidine East 
Bigler Road 

University Park, PA 16802 



John Ivhchaei O'Farren 
Rockwell international 

ZA06 

555 Discovery Drive 
Huntsville, AL 35806 

Dr. Alan B. Palazzoio 
Texas A&M University 
Mechanical Engineering Dept. 

College Station. TX 77543-3123 

Binayak Panda 
IIT Research Institute 
Bldg 4618 

Marshall Space Flight Center 
MSFC. AL 35812 

Robert Pangborn 
Penn State University 
227 Haiumond Bldg. 

University Park. PA 16802 

H.V. Panossian 

Rockwell International- Rocketavne Div. 
JBll 

6633 Canoga Avenue 
Cauoga Park. CA 91303 

Joe R. Parker 

United Technologies USBI Co. 
USB-HV-AE-1 
P.O. Box 1900 
Huntsvuie. AL 35807 

Larry D. Paul 
Babcock & Wilcox 
Materials Performance Section 
1562 Beeson St. 

Alliance. OH 44601 

Alvin M. Payne 

NASA-SSC-Sverdrup Technology, iuc. 
HA 20 
Bldg 1100 

S tennis Space Center. MS 39529 

Steve Pepper 
NASA/LeRC 23-2 
21000 Brookpark Rd. 

Cleveland. OH 44135 


Jerry L, Pieper 
Aerojet Propulsion 
Bldg. 2019 Dept. 5246 
P.O. Box 13222 
Sacramento. CA 95813-6000 

Frank Pizzano 
NASA /MSFC 
CT 11 

MSFC. AL 35812 

J. Pooley 
SPARTA. Inc. 

4901 Corporate Dr. NW 
Huntsville. AL 35S06 

Doris J. Porter 
NASA /MSFC 
ER 21 

MSFC. AL 35812 

Richard J. Priem 
Priem Consultants 
13533 Mohawk Tr. 

Cleveland, OH 44130 

George H. Prueger 
Rocketdyne Division 
MS IA34 

6633 Canola Ave. 

Canoga Park. CA 91303 

W. T. Powers 
NASA/MSFC 
EB 22 

MSFC. AL 35812 


Ned C. Pruitt 

Materials Engineering Associates, iuc 
9700-B Martin L. King. Jr. Hwv 
Lanham. Maryland 20706-1837 

Andrzej Przekwas 

C'FD Research Corperation 

3325-D Triana Blvd. 

Huntsville. AL 35805 


Richard J. Quentmeyer 
Sverdrup Technology. Inc. 
5PTD-2 

2001 Aerospace Park wav 
Brookpark. OH 44135 


William H. Quick 
OPCOA 

12881 Knott St. =£109 
Garden Grove. CA 92641 


Eric D. Roll 
Penn State University 
227 Hamniona Building 
University Park. PA 16802 

D.A. Russell 

Rockweil International Rocketavne Div 
JBll 

6633 Canoga Avenue 
Canoga Park. CA 91303 


Paul E. Ramsey 
NASA/MSF C ED 35 
MSFC. AL 35812 


Stephen G. Ryan 
NASA/MSFC ED 14 
Huntsville. AL 35812 


Akil Abbas Rangwaiia 
Sterling Software 
MS 253-2 
NAS A- ARC 

Moffett Field, CA 94035 

Professor Asok Ray 
Penn State University 
Mechanical Engineering Dept. 
University Park. PA 16803 

J. Reinert 
Rocketdyne Div. 

Rockweil Int’l 
6633 Canoga Ave. 

Canoga Park, CA 91303 

lim Rhodes 
NASA/MSFC EP 75 
MSFC, AL 35812 

Robert Richmond 
NASA/MSFC ER 21 
MSFC, AL 35812 

Frank Ritzert 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveiand. OH 44135 

Max Roler 

Sverdrup Technology, Inc. 

AEDC group 980 

Arnold AFB, TN 373S9-9998 


Jeffrey Sanders 
I IT Research institute 
Bldg. 4618 
MSFC. AL 35812 

Luis San Andres 
Texas A&M University 
Mechanical Engineering Dept. 
College Station. TX 77843 

Joseph R. Saus 
NASA/LeRC 77-1 
21000 Brookpark Rd. 
Cleveiand. OH 44135 

Marshall Saviiie 

Allied Sienai Aerosoace. A L A 

T 42 

2525 W. 190th St. 

P.O.Box 2960 
Torrance. CA 90509-2960 

Charles Schafer 
NASA/MSFC EP 55 
MSFC. AL 35812 

Michaei A. Schwartz 
Technical Analysis Inc. 

4910 A Corperate Dr. 
Huntsville, AL 35805 

A. Scnwartzbart 
Rocketdyne / Rockweil Im 1 
6633 Canoga Ave. 

Canoga Park. CA 91303 


amm* l page is 

Of POOR QUALITY 



R. J. Sell win gnamer 
NASA/ MSFC 
EA 01 

MSFC. AL 35312 

Marie L. Semmei 
NASA /MSFC EH 23 
MSFC. AL 35812 

Stephen F. Seufert 
Honeywell Inc. 

7 49-4 

13350 U.S. Highway 19 North 
Clearwater, FL 34624-7290 

Dr, Steven J. Shamroth. President 
Scientific Researcn Associates, inc. 

50 Nve Road 
P.O. Bos 1058 
Glastonbury. CT 06033 

Mickey R. Shanabareer 
Quantum Institute 
Univ. of California. Santa Barbara 
c/o NASA/Ames Research Center 
MS 213-3 

Moffett Field. CA 94035 

Wilbur Shapiro 
Mechanical Technology. Inc. 

968 Albany-Shaker Rd. 

Latham. NY 12110 

Nancy R. Slump 
Aerojet Propulsion Division 
Bldg. 2019-A2. Dept. 5240 
P.O.Box 13222 
Sacramento. CA 95813-6000 

John A. Shirley 

United Technologies Research Center 

129-90 

Silver Lane 

East Hartford. CT 06108 

James D. Siegwarth 
NIST 
MS 832 03 
325 Broadway 
Bouider. CO 80303 

•< PAGE fS 

i'i K)QR QUALITY 


Don ounon 
NASA/LeRC 77-1 
21000 Brookparx Rd. 

Cleveland. OH 44135 

Dr. .Munir M. Sinair 
Rocketdyne D/545-129. IB39 
6633 Canoga Ave. 

Canoga Park. CA 91303 

Ashok K. Singhal 

CFD Research Corperation 

3325-D Triana Blvd. 

Huntsville. AL 35805 

Andrew Siifka 

National Institute of Standards ana Technology 
MS 853.07 
325 Broadway 
Bouider. CO 80303 

Donald P. Sloteman 
Ingersoil-Rand Company 
942 Memorial Pkwy 
Phillipsburg, NJ 08865 

Andrew W. Smith 
NASA/MSFCE ED 35 
MSFC. AL 35812 

Dr. L. Montgomery Smith 
University of Tennessee Soace institute 
14 B.H. Goethert Parkwav 
Tullahoma. TN 37388-8897 

Dr. Bharat K. Soni 
Mississippi State University 
Engineering Research Ctr. 

P.O.Box 6176 

Mississippi State. MS 39762 

Larry L. Sparks 
NIST - 853 
325 Broadway 
Boulder. CO 80303 

William J. Sprow 
Aerojet 

P.O. Box 13222 
Sacramento. C A 95813-6000 


Steven Ross Standiey 
Mississippi State University 
Enemeering Research Center 
P.O.Box 6176 

Mississippi State. MS 39762 

George L. Stefko 
NASA LeRC 
23-3 

21000 Brookpark Rd. 

Cleveland. OH 44135 

R. Robert Stephan II 
Pratt k Whitnev 
MS 707-20 
P.O. Box 109600 

West Palm Beach. FL 33410-9600 

Frank W. Stephenson 

W.J. Schafer Assoc. i NASA-HO) 

Code RST 

600 Independence Ave. 

Washington D.C. 20546 

Tim Stephenson 
BIRL 

1801 Maple Avenue 
Evanston. IL 60201-3135 

Joel Stoltzfus 

NASA JSC White Sands Test Faciiitv 
RF 

P.O. Drawer NM 
Las Cruces, NM 88004 

Donald S. Stone 

University of Wisconsin at Madison 
M161 MSAE 1509 University Ave. 
Madison. WI 53706 

Joseph P. Strizak 

Martin Marietta Energy 5 vs terns 

Oak Ridge National Laboratory 

Bldg. 4508. MS 6088 

P.O. Box 2008 

Oak Ridge. TN 37831-6088 

Heinrich G. Struck 
NASA/MSFC ED 31 
MSFC. AL 35812 


Maria subbaraman 

Rockwell International. Rocketdvne 

I A 34 

6633 Canoea Ave. 

Canoga Park. CA 91304 

Wavne Swanson 
Wyle Labs EB7c 
P.O.Box 1008 
Huntsville. AL 35807 

Dr. Gopai Tejwanx 
Sverdrup Technology Inc. 

Bldg. 2108 

Stennis Space Center. MS 39529 

' Telesman 
N ASA / LeRC 
21000 Brookparx Rd. 

Cleveland. OH 44135 

James E. Thayer 
IITRI-MRF-( NASA) Bldg. 4615 
Bldg 4618 (EH23) 

2500 Redstone Rd. =64 
Huntsville. AL 35803 

Robert L. Thom 
NASA/MSFC EH 14 
MSFC. AL 35812 

Ant non v W. Thompson 
Carnegie Mellon University 
Dept. Mater. Sci. k Eng. 

220 Daytona Drive 
Santa Barbara, CA 93117 

Janies F. Thompson 
NASA/MSFC PD 13 
MSFC. AL 35812 

Jerry Thompson 

Aerojet Propuision. Division 

Bldg. 2019 

Sacramento. CA 95813 

John D. Thompson. Jr. 

CALSPAN 

BLDG. 4708: Room 239 
MSFC. AL 35812 


Division 



R. G. Thompson 

l' of Alabama at Birminenam 

Material Sci. L. Encr. Dent. 

School of Engineering 
Birmingham. AL 35294 

Paul K. Tucker 
NASA/MSFC 
ED 32 

MSFC, AL 35812 

Kathy Tygieishiv 
NASA/MSFC 
EP 62 

MSFC. AL 35812 

Nearicia J. Valiant 
CALSPAN 

BLDG. 4708; Room 239 
MSFC. AL 35812 

D. P. Vallely 
NASA/MSFC ED 14 
MSFC. AL 35812 

David B. Van Dyke 
Sverdrup Technology inc. 

Stennis Space Ctr - Bldg. 2109 
SSC. MS 39529 

Peter A. Van Hoff. Jr. 

Allied Signal Aerosoace Co.. BGCS 
1525 Perimeter Parkwav STE 150 
Huntsviile. AL 35806 

E. E. VanLandingham 
NASA HQS - RS 

600 Independence Ave.. SW 
Washington, DC 20546 

Robert H. Van Stone 
GE Aircraft Engines 
A333 

1 Newman Way 
Cincinnati. OH 45241 

Russell Vaughn 
Vesco. Inc. 

1369 

Huntsville. AL 35807 


i ohn C. Ves:a, III 
Rocketdyne Division 
MS IA06 

6633 Canoga Ave. 

Canoga Park. CA 91304 

T oseph M. Verdon 

Lnited Technologies Researcn Center 

MS 129-20 

411 Silver Lane 

East Hartford. CT 06066 

Michael Verriiii 
NASA /LeRC 49-7 
21000 BrooKpark Rd. 

Cleveland. OH 44135 

Edward J. Veseiev 
IIT Research Institute 
Building 4618 
MSFC. AL 35812 

Bruce K. Walker 
University of Cincinnati 
MS 343 

Cincinnati. OH 45221-0343 
Jim Walker 

NASA/LcRC 

SPTD-2 

21000 Brookoarx Rd. 

Cleveland. OH 44135 

W. Glenn Walker 

USBI 

HV-EN-EA 

6000 C Technology Drive 
P.O. Box 1900 
Huntsville. AL 35S07 

William K. Ward 
NASA/MSFC EH 53 
MSFC. AL 35312 

John Warren 
Pratt & Whitney 
MS 707-20 
P.O. Box 109600 

West Palm Beach. FL 33410-9600 


Mike Watwood 
IIT Research Institute 
Building 4618 
MSFC. A L 35812 

C. L. Horton Webb 
Aerojet Propulsion Division 
700 Boulevard South, Suite 301 
Huntsville. AL 35802 

Rae Ann Weir 
NASA/MSFC 
EP 64 

MSFC, AL 35812 

Dr. Francis C. Wessbng 
University of Alabama in Hunts viiie 
Dept. Mechanical Encm. 
Engineering Bldg. 

Huntsville* A1 35899 

Charles White 
NASA/MSFC 
EP 52 

MSFC. AL 35812 

Tim White 
CALSPAN 

BLDG. 4708; Room 223 
MSFC, AL 35812 

R. Barry Whitsett 
NASA/MSFC 
ED 14 

MSFC, AL 35812 

Herb Will 

NASA/LeRC 

77-1 

21000 Brookpark Rd. 

Cleveland. OH 44135 

Robert Williams 
NASA/MSFC ED 32 
MSFC, AL 35812 

Christopher D. Wilson 
NASA/MSFC 
ED 25 

MSFC. AL 35812 


James N. Wiser 
NASA/MSFC 
PD 14 

MSFC. AL 35812 

Steven J. Wofford 
CALSPAN 

BLDG. 4708: Room 226 
MSFC. AL 35812 

Gary L. Workman 

UAH 

RI A- 6 

Huntsville. AL 35899 

Charley Chengs hi Wu 
United Technologies. US B1 
Engineering 6000C 
188 Sparkman/ P.O.Box 1900. 3530 
Huntsviile. AL 35805 

Shi Tsan Wu 
EB 157e 

University of Alabama, Huntsviile 
Huntsville. AL 35899 

Yih Tsuen Wu 

Southwest Research Institute 
6220 Culebra Rd. 

San Antonio, TX 78228-0510 

Lynn M. Wyett 
Rocketdyne /Rockweil Inti 
JB21 6633 Canoga Ave. 

Canoga Park. CA 91303 

H. Q. Yang 

CFD Research Corperation 
3325-D Triana Blvd. 

Huntsville, AL 35805 

Karl B. Yoder 

University of Wisconsin at Madiso 
605 West Main —2 
Madison. WI 53703 

George Young 
NASA/MSFC EP 62 
MSFC, AL 35812 



Anthony X. Zachary 

The Aerospace Corporation 

MS M3/570 

P.O. Box 92957 

Los Angeles, CA 90009-2957 

James L. Zachary 
Rosemount Inc. 

1395 S. Marietta Pkwy. 

Bldg. 700, suite 702 
Marietta. Georgia 30067 

June Zakrajsek 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 

F. Zimmerman 
NASA/MSFC 
EH 42 

MSFC. AL 35812 




APPENDIX VI 


Hydrogen Effects on Materials in Propulsion Systems" 

In Press 

Table of Contents and Participant List 



WORKSHOP ON HYDROGEN EFFECTS ON MATERIALS IN PROPULSION SYSTEMS 

Chairpersons: B. N. Bhat. NASA/MSFC. R. M. Horn. A. W. Thompson 

Opening Remarks: R. J. Schwingnamer. NASA/MSFC j 

Hydrogen Effects in Advanced Aerospace Materials. 

H. G. Nelson. NASA/ARC ' 0 

Facilities for Mechanical Property Testing in Gaseous Hydrogen. 

M. R. Shanabarger, Univ. of California. Santa Barbara p 

Hydrogen Test Standardization Tensile Tests. 

W. B. McPherson NASA/MSFC 

f 

Hydrogen Test Standardization Status of the Low Cvcle Fatigue Tests. 

B. McPherson, NASA/MSFC 

35 

NLS Hydrogen Standardization Activities. 

R. P. Jewett, Rocketdvne Division. Rockweil International 45 

Hydrogen Trapping in Superallovs. 

R. Jacobs and E. J. Vesely, Jr.. IITRI/MRF 54 

High Pressure Hydrogen Permeation of Composite Protective Coatings, 

E. D. Roll and R. N. Pangbom. The Pennsylvania State University g— 

Application of Expert System Technology to Hydrogen Environment Embrittlement of SSME Alloys 
W. F. Kaukler and G. L. Workman. University of Alabama in Huntsville 70 

Assessment of Candidate Rocket Propulsion Materials in Gaseous Hydrogen Environment. 

V. A. Gibson, D. P. Dennies, and R. M. Horn. Aerojet 85 

Hydrogen Evaluation of Incoiov 909 for the NLS Liquid Hydrogen TPA Turbine. 

D. P. Dennies. V. A. Gibson, and R. M. Horn. Aerojet Propulsion Division q; 

Subcritical Crack Growth of Alloy 718 in Ni/H2 Power Cell Environments, 

W. Cullen, G. Grewal. N. Pruitt, Materials Engineering Associates. S. Lenhart. C. Halbach. Space 

Systems /Loral, K. Garr, Rocketdvne Division. Rockwell International 10 2 

The Effect of Machining Techniques. Notch Design and Strain Rate on the Notched Tensile Strength of 
Inconel 718 in High Pressure Hydrogen, 

R. Bond, M. Wat wood, and E. J. Vesely, Jr. IITRI/MRF 222 

Influence of Hydrogen on Fatigue Crack Growth of a Single Crvstal Alloy, 

J. Telesman NASA/LeRC and L. J. Gkosn. Sverdrup Technology Inc. 12 i 

The Low Cycle Fatigue and Tensile Behaviors of Ni-Base Superallovs PWA 1480 and PWA 1489 in 
Hydrogen, 

P. S. Chen, E. Vesely, B. Panda. IITRI/MRF W. D. Hamilton and R. A. Parr. NASA/MSFC 133 

Development of JBK-75 for Service in High Pressure Hydrogen Environments: The Role of Microstruc- 
ture, 

N. R. Moody, J. A. Brooks. Sandia National Laboratories and A. W. Thompson. Carnegie 

Mellon Univ ~ 

145 



Properties of Cast and Wrought NASA-23 Alloy. 

B. Panda. ITTRI/MRF and B. N. Bliat NASA/MSFC 


156 


Effect of Chromium on the Hydrogen HEE Resistance of IN-903 Type Alloys. 

A. K. Kuruvilia, B. Panda ITTRI/MRF and B. N. Bhat. NASA/MSFC 

Improved Crack Growth in Hydrogen with Modified Precipitate Morphology Single 
D. P. DeLuca. H. B. Jones. B. A. Cowles, and F. D. Cobia. Pratt & Whitney. . 


Crvstal Nickel. 


166 

173 


Material Structural Characterization of Inconel-718, 

NASA/LeRcf' D ' A ' RU3SeiL Rocketdyne Dlvlslon - R°ckweU International and M. J. Verrilii. 
* 184 


Macroscopic and Microscopic Modeling of Hydroeen Embrittlement Thresholds 
W. W. Gerberich. H. Huang, P. G. March. Univ. of Minnesota 


w he , CU ,?'i atiVe Fati?UC Dama?e Behavlor of MAR-M-247 in Air and Hizh Pressure Hvdrozen 
Heine PraU^' VVhftne L ' RC ' S ‘ iechnoio ^ inc " D - Moore, NASA/MSFC.' and J. 

Grain Boundary and Interface Cohesion ,n the Presence of a Steep Hydrogen Gradient. (A Preliminary 
Auger-Fracture Study) 

R. G. Thompson. B. H. King, M. C. Koopman and D. W. Davis. 

Univ. of Alabama at Birmingham 

* 216 

B^lS^ 0 *' 11 EXP ° SUIe °" thC MlCr ° Structure and Mechanical Properties of the Titanium Alloy, 

InternaHonal Ck R0CkWeU Internal,onal Science Center and D. G. Ulmer. Rocketdyne Division, Rockwell 

Hydrogen Effects in Titanium Aluminide Alloys. 

A. W. Thompson. Carnegie Mellon Univ 

236 

Hydrides in Ti3Al Alloys, 

D. B. Allen and A. W. Thompson. Carnegie Mellon Univ 24 a 

mTL hT n“a7m E SFc“ R °° m o' «= «,d Si3N4. 

253 


Closing Remarks 
B. Bhat. NASA/MSFC 

List of Participants 


261 

262 


Author Index 


265 



Alien* David B. 

Camegie-Mellon University 
Department Of Matenaic Science 
5000 Forbea Avenue 
Pittsburgh, PA 15213 
(412) 268-2699 

Bond. Robert 
ITT Research institute 
Building 4618 
MSFC, AL 35812 
(205) 544-8277 

Baldwin. Ron 
ORNL 

P.O. Box 2008 
Building 4500* MS6155 
Oak Ridge. TN 37831 
(615) 574-4929 

Bean, Ray 
Textron-Lycoming 
Engineering Department LSD 7 
550 Main Street 
Stratford, CT 06497-7593 
(203) 385-3840 

Bhal. Biliyar 
NASA-MSFC - EH23 
Building 4612 
MSFC. AL 35812 
(205) 544-2596 

Blankenship, Bill 

Weatingnouae Electric Corporation 
Advanced Programs De oartment 
P.O. Box 10864 
Pittsburgh, PA 15236 
(412) 382-7150 

Bonacuse. Pete 
NASA-LeRC 
(216) 433-3309 

Bransfofd. James W. 

National Institute for Standards 
of Technology 
Mail Code 853.03 
325 Broadway 
Boulder. CO 
(303) 497-5144 

Chang, Kuang Jain 
Rocketdyne Division. AC37 
Rockwell international 
6633 Canoga Avenue 
Canoga Park, CA 91303 
(818) 710-4079 


WO RKSH OP ON HYDROGEN E FFECTS ON 
MATERIALS IN PROPULSION SYSTEMS 


Chen. Po-Shou 
ITT Research institute 
Building 4618 
MSFC, AL 35812 
(205) 544-4171 

Cone, Fred P. 

Pratt Whitney /Materia is Engineering 
United Technologies 
P.O. Box 2691 

We* Palm Beach. FL 33402 
(407) 796-6572 

DeLuca. Daniel P. 

Maiiatop 707-20 

United Technologies 

Pratt &, Whitney 

P.O. Box 109600 

We* Palm Beach. FL 33410 

(407) 796-6508 


Diwan. Ravtnder 

Mechanical Enginecnng/Souihem University 
c/o N AMS- Ames Research Center 
(504) 771-4701 

Dreahfield. Bob 
NASA-LeRC (49-3) 

(216) 433-3337 


Ellis, David 
NASA-LeRC 
(216) 433-8736 


Fisher. Dean 
HERCULES 
MSFC. A1 35812 
( 105 ) 574-4929 


Garaweil, Wayne R. 
NASA-MSFC - EH23 
MSFC, AL 38812 
(205) 544-3098 


Gerberich, William 
Department of Chemical Engineering 
and Materials Science 
University of Minneaoca 
421 Washington Avenue SE 
Minneapolis. MN 55455 
(612) 625-8548 

Gibaon. Valerie A. 

Aerojet - Building 2019H2 
Department 5270 
Propulsion Division 
P.O. Box 13222 
Sacramento. CA 95813-6000 
(916) 355-3131 


WORKSHOP ON HYDROGEN EFFECTS ON 
MATERIALS IN PROPULSION SYSTEMS 


Gluazek, Fred 

Kovach. Michael P. 

Pratt <& Whitney 

Pratt A Whitney 

United Technologies 

United Technologies 

MSFC, AL 35812 

MSFC. AL 35812 

a05) 544-2124 

(205) 544-8685 

Graham, Stephen 

Kunxvilii. A.K. 

Materials Engineering Associates, Inc. 

IXT Research Institute 

9700B M.L. King, Jr. Highway 

Building 4618 

Lantham, MD 20706-1873 

MSFC. AL 35812 

(301) 577-9490 

(205) 544-5134 

Hardwick. Dallas A. 

Lee, Jimmy 

Rockwell Internauonal-Rockctdyne 

NASA-MSFC - EH83 

6633 Canoga Avenue MS WC79 

MSFC, AL 35812 

Canoga Park, CA 91303-2790 
(805) 373-4431 

(205) 544-4951 
Lee, Jonathan 

Henkener. Julie 

NASA-MSFC - EH23 

Lockheed. JSC 

MSFC, AL 35812 

2400 NASA Road 1 
Mail Code C62 

(205) 544-9290 

Houston. TX 77058 

Lowry, Sam 

(713) 483-6459 

CFD Research Corporation 
3325 -D Triana Bivd. 

Horn, Ron M. 

Huntsville, A1 35805 

Aerojet - Building 2019H2 
Department 5270 

(205) 536-6576 

Propulsion Division 

Liaw, Yoon K. 

P.O. Box 13222 

Roc ketdyne 

Sacramento, CA 95813-6000 

MSFC- NAS A 

(916) 355-2703 

Suite 3B 950 Explorer Bivd. 
Huntsville, A1 35806-2823 

l«K»m Matthew A. 
NASA-MSFC - EH34 

(205) 544-4320 

Mail Code EH34 

McClung, R. Craig 

MSFC. AL 35812 

Southwest Research institute 

(205) 544-1782 

P.O. Drawer 26510 
San Antonio, TX 78228 

Jacobs, Bob 

IIT Research Instinuc 

(512) 522-2422 

Building 4818 

McGsw. Mike 

MSFC, AL 35812 

NASA-LeRC (49-7) 

(205) 544- 9539 

(205) 433-3308 

Jewett, Bob 

McPherson. W. Bryan 

Rockwell International-Roc ketdyne 

NASA-MSFC - EH23 

6633 Canoga Avenue MS WC79 

MSFC, AL 35812 

Canoga Park. CA 91303-2790 
(818) 718-4647 

(205) 544-2601 
Moody, Neville R. 

Kaukler. Prof. William F. 

Sand is National Laboratories 

Department of Chemistry 

P.O. Box 969 

UAH 

Liveinore, CA 94551-0969 

MaiUtop - MSB C 203 
Huntsville, A1 35899 
(205) 895-6910 

(510) 294-2622 



WORKSHOP ON HYDROGEN EFFECTS ON 
MATERIALS IN PROPULSION SYSTEMS 


Nelson, Howard G. 

Amea Research Center 
NASA Amea N230-4 
Moffett Field. CA 94035 
(415) 605-6700 

Panda. Hina yak 
ITT Research 
Building 4618 
MSFC. AL 35812 
(205) 544-6349 

Pangbom. Rob 

Department of E n g in e er ing, Science, 
and Mechamca 
227 Howard Building 
Pennayi vania State University 
University Park, PA 16802 
(814) 865-4523 

Pruitt, Ned C. 

M a fh ii s Engineering Associates, Inc. 

(and Lorai Cozp.) 

9700B M.L. King, Jr. Highway 
Lantham. MD 20706-1837 
(301) 577-9490 

Ritzert, Frank 
NASA-LeRC 
ai6) 433-8199 

Roil. Eric 

Penn State University 
227 Hammond Building 
University Park, PA 16802 
(814) 867-4513 

Sanders. Jeffrey 
ITT Research 
Building 4618 
MSFC, AL 35812 
(205) 544-8685 

Schmidt, Diane 
NASA-MSFC - EH23 
MSFC. AL 35812 
(205) 544-4943 

Shanabarger, Mickey R. 

UCSB/Quantum 

c/o NASA Amea Ream rch Center MS 213-3 
Moffett Field. CA 94035 
(415) 604-6377 


Stone, Bob V. 

GE Aircraft Engines 
1 Nevmann WAT/A333 
Cincinnati. OH 45215 
(513) 774-5093 

Strizak. Joe 

Oak Ridge National Lab 
P.O. Box 2008, MS 6088 
Oak Ridge, TN 37831 
(615) 574-5117 

Telcsman, Jack 
NASA-LeRC 
Cleveland. OH 44135 
(216) 433-3310 

Thayer, James 
HT Research institute 
MSFC. AL 35812 
(205) 544 6946 

Verrilli, Mike 
NASA-LeRC (49-3) 

(216) 433-3337 

Verms. Suresh 
□T Research Institute 
lOWeat 35 th Street 
Chicago, 1L 60616 
(312) 567-4178 

Warren. John 
Pratt A Whitney 
United Technologies 
P.O. Box 2691 

Wes-Pilm Beach. FL 33402 
(407) 796-6512 

Watwood. Mike 
I1T Research 
Building 4618 
MSFC, AL 35812 
(205) 544-4410 

Workman. Dr. G.L. 

Center for Automation and Robotics 
UAH 

Mailatop RI A6 
Huntsville, AL 35899 
(205) 895-6578 


St ephen son. Timothy A. 
BIRL 

1801 Maple Avenue 
Evsnnon. IL 60201-3135 
(708) 491-2747 




APPENDIX VII 


"Advanced Earth-to-Orbit Propulsion Technology 1994 Volume I and II" 
NASA Conference Publications 3282 

Table of Contents and Participant List 



TABLE OF CONTENTS 


Foreword ii 

Welcome G. P. Bridwell, NASA/MSFC 1 

C. P. Blankenship, NASA/MSFC 

ETO Propulsion Program Overview, M. S. Swint, NASA/MSFC 2 

ETO Propulsion Program Assessment, A. D. Liang, NASA/LeRC 4 

Space Shuttle Main Engine Technology Test Bed Overview, 

H. V. McConnaughey, NASA/MSFC 6 

MATERIALS DEVELOPMENT AND EVALUATION 


Chairpersons: S.J Gentz, NASA/MSFC and R.L. Dreshfield, NASA/LeRC 


The Influence of Thermal Processing and Microstructure on the Mechanical 
Properties of Single Crystals in Hydrogen, C. M. Biondo, D. P. DeLuca, 

B. J. Peters, Pratt & Whitney and D. D. Schmidt, NASA/MSFC 10 

Influence of Strain Rate on Tensile Properties in High-Pressure Hydrogen, 

W. B. McPherson, NASA/MSFC and E. J. Vesely, Jr., IIT Research Institute 20 

Characterization of Wire-Reinforced Superalloy Composites, M. A. Jacinto 

and L. G. Fritzemeier, Rocketdyne Division, Rockwell International 23 

Mechanical Properties of a Cu-8 Cr-4 Nb Aloy, D. L. Ellis, 

Case Western Reserve University, R. L. Dreshfield, M. J. Verrilli, 

NASA/LeRC and D. G. Ulmer, Rocketdyne Division, Rockwell International 32 


MANUFACTURING AND INSPECTION 

Chairpersons: C.S. Jones, NASA/MSFC and T.P. Herbell, NASA/LeRC 

Advanced Inspection of Castings, J. A. Umbach, Pratt & Whitney 42 

Replacement of Corrosion Prevention Chromate Primers and Paints Used 
in Cryogenic Applications on Rocket Engine Components with Wire ARC 
Sprayed Aluminum Coatings, R. L. Daniel, Rocketdyne Division, 

Rockwell International, M. J. Mendrek, NASA/MSFC, H. L. Sanders, 


Rocketdyne Division, Rockwell International, and F. R, Zimmerman, 

NASA/MSFC 50 

Thermal Spray Applications on Aerospace Components, P. D. Krotz, 

T. M. McKechnie, Rocketdyne Division, Rockwell International, 

R. M. Poorman, and F. R. Zimmerman, NASA/MSFC 57 


Lost Wax Superalloy Vacuum Castings from Fused Deposition Casting 

Wax Models, F. E. Roberts, III, and P. G. Salvail, NASA/MSFC 67 

Durability of Advanced Ceramics in a Simulated Rocket Engine Start 

Transient, A. J. Eckel and T. P. Herbell, NASA/LeRC 72 

Ceramic Matrix Composite Turbopump Development, J. W. Brockmeyer, 

C. F. Hemmings, E. J. Krieg and A. C. Straub, Rocketdyne Division, 

Rockwell International 79 

Ceramic Matrix Composites for Access-to-Space Rocket Engine Options, 

T. P. Herbell, A. J. Eckel, and A. D. Liang, NASA/LeRC 87 


INSTRUMENTATION 

Chairpersons: W.T. Powers, NASA/MSFC and W.C. Nieberding NASA/LeRC. 


Clamp-on Flow Velocity and Density Transducers for Liquid Nitrogen 
and other Cryogenic Applications, Especially in Thin-Walled Conduits, 

L. C. Lynnworth, T. H. Nguyen, Y. Liu, Panametrics, Inc. and P. Stein, 

Scientific Solutions, Inc 97 

SSME LOX Duct Flowmeter Design and Test Results, J. D. Siegwarth, 

Chemical Science and Technology Laboratory 105 

Image Tiling for Profiling Large Objects, A. Venkataraman, H. Schock, 

Michigan State University and C. Mercer, NASA/LeRC 1 13 

The Laser Speckle Strain Gage: Stiffness Measurement of Small Diameter 
Fibers at Elevated Temperatures, L. G. Oberle, L. C. Greer, NASA/LeRC, 

A. Sayir, Case Western Reserve University, and J. P. Barranger, NASA/LeRC 121 

Status of Thin Film Heat Flux Sensors, H. A. Will, NASA/LeRC and 

H. Bhatt, Virginia Polytechnic Inst 127 

Testing of Thin Film Thermocouples in Rocket Engine Environments, 

L. C. Martin, NASA/LeRC 133 

Engine Mounted Optics for In-Flight Plume Spectroscopy, G. C. Madzsar, 
NASA/LeRC, R. L. Bickford, Aerojet Propulsion Division, and D. B. Duncan, 

Duncan Technologies 141 

An Integrated Methodology for Rocket Engine Plume Spectral Analysis, 

T. L. Wallace, Vanderbilt University, W. T. Powers and A. E. Cooper, 

NASA/MSFC 152 



Collision Modeling Techniques for Determing Line Broadening Effects in the 

Plume of the SSME, T. C. Dean and C. A. Ventrice, Tennessee 

Technological University 150 

OP AD Data Analysis, W. L. Buntine, NASA/ARC 168 

Predicting Species Concentrations in the SSME Plume using Neural Networks, 

K. W. Whitaker, K. Knshnakumar, R. V. Ravikrishna, R. C. Lattus, 

The University of Alabama 178 

Comparison of OP AD Spectral Radiant Intensity Data to Spectral Radiance 

Data From the Mach Disk, R. L. Moyers, Sverdrup Technology, Inc./AEDC, 

and W. T. Powers, NASA/MSFC ’ 186 

Recent Results in the Development of the Engine Diagnostic Console, 

F. E. Bircher, G. D. Tejwani, and E. L. Valenti, Sverdrup Technology, Inc., 

and C. C. Thurman, NASA/SSC 190 

Rocket Engine Plume Spectral Simulation and Quantitative Analysis, 

G. D. Tejwani, Sverdrup Technology, Inc. and C. C. Thurman, NASA/SSC 200 

Multipoint Hydrogen Propellant Leak Detection System, R. L. Bickford, 

E. D. Jansa, and D. B. Makel, GenCorp Aerojet and W. T. Powers, 

NASA/MSFC 215 

Advances in Hydrogen Sensor Technology for Aerospace Applications, 

G. W. Hunter, NASA/LeRC, C. C. Liu, Q. H. Wu, Case Western Reserve 
University and P. G. Neudeck, NASA/LeRC 224 

Calibration and Characterization of Wide Range Hydrogen Sensors, 

S. L. Miller, K. L. Hughes, J. L. Rodriguez, and P. J. McWhorter, 

Sandia National Laboratories 234 

Raman Leak Detection Development, T. W. Duryea, Rocketdyne Division, 

Rockwell International 243 

Progress in Optical Leak Detection, G. S. Cross, R. C. Delcher and A. Steffens, 
Rocketdyne Division, Rockwell International 253 

A Color Change Detection System for Video Signals with Applications to 
Spectral Analysis of Rocket Engine Plumes, W. A. Hunt and L. M. Smith, 

The University of Tennessee Space Inst 257 


Evaluation of Low Profile Cryogenic Ultrasonic Transducers for Measurement 
of Flow in Ducts, S. C. Balcer, Rocketdyne Division, Rockwell International.... 


267 


True Cryogenic Pressure Transducer, J. J. Chapman, NASA/LaRC, 

Q. A Shams, Analytical Services and Materials, and R. Bums, NASA/MSFC 277 

A Fiber-Optic High Pressure Sensor, K. A. James, N. Shrestha, Calfomia 

State University, and W. H. Quick, OPCOA Inc 298 

Correlation of Hydrogen and Air Flow in Critical Flow Nozzles Part 2: 

Calibration Results Obtained with Air and Hydrogen, G. P. Corpron, 

Colorado Engineering Experiment Station, Inc 302 

A Nonintrusive Torquemeter for Rocket Engines, A. Schwartzbart, 

Rocket dyne Division, Rockwell International 308 

Nonintrusive Speed Sensor Hotfire Test Results, J.W. Reinert and 

L. M. Wyett, Rocketdyne Division, Rockwell International 314 


TURBOMACHINERY 

Chairpersons: P.K. McConnaughey, NASA/MSFC and J.W. Gauntner, NASA/LeRC 


Production of Small Flaws in Ceramic Bearings for the Verification of 
Nondestructive Inspection Capabilities, J. A. Salem, NASA/LeRC, K. Wilfinger, 
Lawrence Livermore National Lab., P. Komater, United Technologies/Pratt & 

Whitney and B. Neuschaefer, NASA/MSFC 318 

Industrial Codes for Seal Analysis, W. Shapiro, Mechanical Technology Inc 327 

SCISEAL: A 3-D CFD Code for Accurate Analysis of Fluid Flow and 
Forces in Seals, M. M. Athavale, A. J. Przekwas, CFD Research Corp., 

R. C. Hendricks, and A. Liang, NASA/LeRC 337 

Theory Versus Experiment for the Rotordynamic Characteristics of a Smooth Gas 
Annular Seal at Eccentric Positions, D. W. Childs, Texas A & M University, C. R. 
Alexander, Stress Engineering Services, and Z. Yang, Cummings Engine Co 346 

Measure of Turbulence in Shaft Seals, G. L. Morrison and S. Shresta, 

Texas A & M University 356 

Advances in Contact Sealing, R. C. Hendricks, NASA/LeRC, B. OHalloran, 

G. Arora, Allied Signal Aerospace, B. M. Steinitz, H. E. Addy, NASA/LeRC, 

J. Flowers, U. S. Army Research Lab./LeRC and J. Cariile, NASA/LeRC 363 

Compliant Foil Bearings for Use in Cryogenic Turbopumps, J. F. Walton and 

H. Heshmat, Mechanical Technology Inc 372 



Forced Response Prediction System (FREPS) for Turbomachinery, 

D. V. Murthy, University of Toledo, G. L. Stefko, NASA/LeRC, and 

M. R. Morel, NYMA, Inc 382 

Measurement of Gust Response in a Turbine Cascade, A. P. Kurkov and 

B. L. Lucci, NASA/LeRC 394 


Impact and Impact/Friction Dampers for Cryogenic Turbopump Vibration 
Suppression, A. B. Palazzolo, J. Moore, J. McElhaney, R. Gadangi, 

Texas A & M University, A. Kascak, U. S. Army at NASA/LeRC, 

G. Brown, NASA/LeRC, E. Earhart, S. Ryan, NASA/MSFC, T. Lohrer, 

Rockwell International at NASA/MSFC 403 

An Experimental and Analytical Investigation of the Dynamic Characteristics 
of Spline Couplings in High Speed Rotating Machinery, J. F. Walton, 

Mechanical Technology Inc., C. P. R. Ku, Conner Peripherals, and 


J. W. Lund, The Technical University of Denmark 411 

Modeling of Rolling Element Bearings for Rotordynamics, L. M. Greenhill, 
Rotordynamics-Seal Research, D. H. Merchant, GenCorp Aerojet Propulsion 
Division and S. G. Ryan, NASA/MSFC 422 

Surrogate Fluid Testing of Internally Fed Hydrostatic Bearings, J. E. Keba, 

Rocketdyne Division, Rockwell International, E. Earhart, NASA/MSFC, 

and D. Elrod, University of Alabama in Huntsville 43 1 

SSME High Pressure Oxygen Turbopump Turbine Discharge Fluctuating 
Pressure Air Flow Testing, T. E. Nesman, T. F. Zoladz, and L. M. Snellgrove, 
NASA/MSFC 443 

Simplex Turbopump Design, M. Marsh, P. Cowan, J. Forbes and 

K. Van Hooser, NASA/MSFC 452 

Computational Fluid Dynamics Analysis in Support of the Simplex Turbopump 

Design, R. Garcia, L. W. Griffin, T. G. Benjamin, J. W. Comelison, J. H. Ruf, 

and R. W. Williams, NASA/MSFC 462 

High Head Advanced Impeller Design, A. H. J. Eastland, W. Chen, 

Rocketdyne Division, Rockwell International and R. Garcia, NASA/MSFC 471 

Solution of the 3-D Navier-Stokes Equations with a Two-Equation Turbulence 
Model on Unstructured Meshes Applied to Turbomachinery, O. J. Kwon, 

NYMA, Inc. and C. Hah, NASA/LeRC 481 


Experimental Inducer and Impeller Data for the Benchmark of CFD Codes, 
L. A. Brozowski, T. V. Ferguson, and L. Rojas, Rocketdyne Division, 
Rockwell International 


498 


Cavitation Testing of the ATD 14.6 Degrees High Pressure Oxygen 
Turbopump Inducer, W. J. Bordelon, Jr., J. L. Minor, and T. E. Nesman, 

NASA/MSFC 507 

Summary of Time- Averaged and Phase-Resolved Pressure and Heat-Flux 
Measurements on the First Stage Vane and Blade of the SSME 
Fuel-Side Turbine, M. G. Dunn, and C. W. Haldeman, Calspan Advanced 
Technology Center 516 

Baseline Design of the Oxidizer Technology Turbine Rig, S. T. Hudson, 

NASA/MSFC, P. D. Johnson, Pratt & Whitney, and A. Wooler, 

RotadataLTD 525 

Aerodynamic Design and Analysis of Highly Loaded Turbine Exhaust Volute 

Manifolds, F. W. Huber, D. C. Ives, C. A. Kubinski, X. A. Montesdeoca, 

and R. J. Rowey, Pratt & Whitney 535 

Evaluation of Advanced Turbine Tip Leakage Control Concepts Utilizing CFD, 

R. F. Blumenthal, Aerojet Propulsion Plant 545 

Unsteady Navier-Stokes Computations for Advanced Transonic Turbine 

Design, A. A. Rangwalla, MCAT Institute 553 

The Average Passage Code: The Next Generation, K. R. Kirtley and 

T. A. Beach, NYMA, Inc 567 

Table of Contents of Volume II 578 

List of Participants 584 

Author Index 613 



TABLE OF CONTENTS 


FLUID & GASDYNAMICS 

Chairpersons: H.G. Struck, NASA/MSFC and R.E. Gaugler, NASA/LeRC 


Development of a Three-Dimensional Viscous Flow Code on Unstructured 
Meshes for Turbomachinery, C. Hah, NASA/LeRC, J. Loellbach, Institute for 
Computational Mechanics in Propulsion, O. Kwon, NYMA, Inc., and 
F.-L. Tsung, Institute for Computational Mechanics in Propulsion 1 

Use of Preliminary Design Methods in the Analysis of Multi-Stage 
Turbomachinery, E. R. McFarland, NASA/LeRC 10 

Transition Modeling Effects on Turbine Rotor Blade Heat Transfer Predictions, 

A. A. Ameri, University of Kansas 20 

A Controlled Variation Scheme (CVS) for Flows at All Speeds, S. Thakur, 

W. Shyy, University of Florida, and K. Tucker, NASA/MSFC 29 

Multizone, Multiphase Combustion Code Methodology, P. Y. Liang, 

Rocketdyne Division, Rockwell International 41 

Zero Side Force Volute Development, P. G. Anderson, R. Franz, G. Cheng, 

SEC A, Inc., and Y. S. Chen, ESI 51 

On the Development of Computational Tools for Volute Analysis, A. Darian, 
and K. Tran, Rocketdyne Division, Rockwell International 55 

Computational Fluid Dynamics (CFD) Consortium for Applications in 
Propulsion Technology (CAPT), P. K. McConnaughey, R. Garcia, 

L. A. Griffin, J. H. Ruf, and P. K. Tucker, NASA/MSFC 63 

Computations of Confined Swirling Flows with High Order Turbulence Models 
in a Modular Form, A. H. Hadid, M. M. Sindir, Rocketdyne Division, Rockwell 
International, C. P. Chen, and H. Wei, The University of Alabama in Huntsville 71 


Structured Grid Generation and Adaption Techniques for PropulsionApplications, 

B. K. Soni, H. Thornburg, M.-H. Shih, and P. Craft, Mississippi State University.. 80 

Progress in Incompressible Navier-Stokes Computations for the Analysis of 
Propulsion Flows, C. Kiris, MCAT Institute, and D. Kwak, NASA/ARC 88 


IGNITION AND COMBUSTION 

Chairpersons: C.C. Cornelius, NASA/MSFC and M.D. Klem, NASA/LeRC 


Liquid Oxygen (LOX) Droplet Gasification and Dynamics in Supercritical 
Forced-Convective Environments, G. C. Hsiao, and V. Yang, 

The Pennsylvania State University 97 

Convergence Acceleration for Rocket Motor Combustion Calculations, 

C. L. Merkle, P. E. O. Buelow, and S. Venkateswaran, Pennsylvania 

State University 106 

Modifications to the Performance/Life Combustion Model (PLC) for Prediction 
of Three-Dimensional Rocket Combustion Chamber Property Distributions, 

N. D. O'Brien and R. J. Schulz, University of Tennessee Space Institute 1 16 

Subscale Thermal Cycle Testing on a Formed Platelet Liner, S. K. Elam, 

NASA/MSFC 126 

Advanced Platelet Combustion Chamber Evaluation Using RTE Code, 

D. B. Bullard and D. R. Richards, Sverdrup Technology, Inc 136 

A Rocket Engine Design for Validating the High Aspect Ratio Cooling Channel 

Concept, M. F. Wadel, NASA/LeRC, R. J. Quentmeyer, NYMA, Inc., 

and M. L. Meyer, NASA/LeRC 145 

Flow Visualization Study in High Aspect Ratio Water Channels with Curvature, 

J. E. Giuliani, Ohio Aerospace Institute and M. L. Meyer, NASA/LeRC 151 

Pressure Oscillations in a Laboratory Scale Hybrid Motor, M. H. Lee, 

C. F. Schafer, G. A. Robertson, D. Straub, R. H. Eskridge, and 

C. C. Dobson, NASA/MSFC 162 

Laser Ignition in Liquid Rocket Engines, L. C. Liou, NASA/LeRC 172 

Uni-Element Rocket Studies, M. D. Moser, S. Pal and R. J. Santoro, 

The Pennsylvania State University 184 

Shear Coaxial Injector Cryogenic Spray Characterization, M. Zaller, NYMA, Inc. 
and M. D. Klem, NASA/LeRC 194 

Non-Intrusive Measurement of the Size, Velocity, and Temperature of 

Fuel Droplets in a Spray Flame, S. V. Sankar, D. H. Buermann, and 

W. D. Bachalo, Aerometrics, Inc 201 



Theoretical Development of a Quantitative, Nonintrusive Density Measurement 
Technique for Non-Symmetric Sprays, R. J. Hartfield, Jr., M. Goolsby and 
S. Williams, Auburn University 210 

Internal Flow Environment of Swirl Injectors, J. J. Hutt, and D. M. McDaniels, 
NASA/MSFC 216 

Combustion Issues for Proposed Single Stage to Orbit Engines, C. F. Schafer 

and J. J. Hutt, NASA/MSFC 221 

High Mixture Ratio Core Gas Generator, S. Kim, Sverdrup Technology, Inc., 

H. P. Trinh, NASA/MSFC 226 

Infrared Spectra of PESSTS Motors for Base Heating Analysis, C. C. Dobson, 

R. H. Eskridge, and M. Lee, NASA/MSFC 233 


FATIGUE/FRACTURE/LIFE 

Chairpersons: G.C. Fade, NASA/MSFC and M.A. McGaw, NASA/LeRC 

Proof Test Analysis: State of the Art, G. G. Chell, R. C. McClung, 

Southwest Research Institute, and D. A. Russell, Rocketdyne Division, 

Rockwell International 238 

Development of a Practical Methodology for Elastic-Plastic Fatigue Crack 
Growth, R. C. McClung, G. G. Chell, Southwest Research Institute, 

D. A. Russell, and G. E. Orient, Rocketdyne Division, Rockwell International 248 

Crack Face Separation Profiles, D. M. Lambert and H. A. Ernst, 

The Georgia Institute of Technology 258 

Verification and Validation of Quarter-Elliptical and Semi-Elliptical Crack 
Solultions in NASCRAC™, J. Favenesi, T. Clemmons, Nichols Research Corp., 

W. Riddell, P. Wawrzynek, Cornell University, R. Stallworth, and C. Denniston, 
NASA/MSFC 268 

Review of Fracture Control/Damage Tolerance Methods for Composite and 
Anisotropic Materials, R. S. Frankie, J. R Foulds, Failure Analysis Associates, Inc., 
and D. O. Harris, Engineering Mechanics Technology, Inc 277 

Fatigue Behavior of Inconel 718 Superalloy Subjected to Monotonic Tensile 

and Compressive Strains, S. Kalluri, NYMA, Inc., G. R. Halford, and 

M. A. McGaw, NASA/LeRC 287 


Axial-Torsional Fatigue Life Prediction of a Cobalt-Base Superalloy at an 
Intermediate Temperature, P. J. Bonacuse, U. S. Army Research Lab., 
and S. Kalluri, NYMA, Inc 


295 


Mechanisms of Failure and Non-Isothermal Fatigue Behavior of a Cobalt-Base 
Superalloy, Haynes 188, S. Kalluri, NYMA, Inc. and G. R. Halford, 
NASA/LeRC 


304 


BEARINGS 

Chairpersons: R.L. Thom, NASA/MSFC and J.F. Walker, NASA/LeRC 

Development of Hybrid Fluid Film/Rolling Element Bearing Shaft Support 
Analysis J. Moore, D. Marty, and J. Cody, SRS Technologies 314 

Cronidur 30 - An Advanced Nitrogen Alloyed Stainless Steel for Advanced 
Corrosion Resistant Fracture Tough Cryogenic Bearings, H. A. Chin, 

R. W. Bursey, D. D. Ehlert, Pratt & Whitney, R Biroscak, E. Streit and 

W. Trojahn, FAG Kugelfischer Georg Schafer KGaA. 321 

Non-Destructive Test Methods for the Inspection of Ceramic Rolling Elements, 

G. Ojard, P. Komater, W. Mowrer, J. Loftis, K. Clodfelter, Pratt & Whitney, 

K. Woodis, and B. Neuschaefer, NASA/MSFC 33 1 

Traction Characteristics of AISI 440C and Silicon Nitride Ceramic in 

Liquid Oxygen, P. B. Hall and R L. Thom, NASA/MSFC 339 

Development and Application of Cooling Injection for the Pratt & Whitney 
High Pressure Liquid Oxygen Turbopump for the Space Shuttle Main Engine, 

M. Dills, J. Kegley, S. MacLaughlin, M. Schroder, United Technologies Corp. - 
Pratt & Whitney, T. Benjamin, NASA/MSFC, Y. Dakhoul, 

Sverdrup Technologies, Inc 353 

Overview of Bearing Testing at Marshall Space Flight Center; Past, 

Present, and Future, H. G. Gibson, R. L. Thom and F. J. Dolan, NASA/MSFC 361 

Incorporation of Silicon Nitride Rolling Elements into the Pratt & Whitney 
High Pressure Oxidizer Turbopump for the Space Shuttle Main Engine, 

R. Bursey, Jr., D. Haluck, United Technologies Corp. - Pratt & Whitney 

and R. Thom, NASA/MSFC 365 

Preliminary Experimental Results of a Three Wave Journal Air Bearing, 

F. Dimofte, H. E. Addy, Jr., and J. F. Walker, NASA/LeRC 375 

Tests of a Cryogenic Electromagnet Biased Homopolar Magnetic Bearing, 

E. DiRusso, G. V. Brown, and A. J. Provenza, NASA/LeRC 385 



Comparison of Experimental and Theoretical Performance of a Foil Bearing, 
M. Carpino, W. DeMoss, K. Hurley, J. Tolomeo, The Pennsylvania State 
University 


395 


Dynamic Analysis of a Foil Bearing, M. J. Braun, F. K. Choy, M. Dzodzo, 

and J. Hsu, University of Akron 402 

Numerical Predictions of Discharge Coefficients in a Hydrostatic Bearing, 

M. J. Braun and M. Dzodzo, University of Akron 412 

Thermohydrodynamic Analysis of Fluid Film Bearings for Cryogenic Applications, 

L. San Andres and Z. Yang, Texas A & M University 421 

Analysis of Arbitrary Recess Geometry Hydrostatic Bearings, L. San Andres, 

Texas A & M University 431 

Effects of RP-1 on Ball Bearing Performance, H. E. Addy, Jr.,NASA/LeRC 

and F. T. Schuller, Sverdrup Technology, Inc 442 

STRUCTURAL DYNAMICS 

Chairpersons: K.K. Mims, NASA/MSFC and C.C. Chamis, NASA/LeRC 

Mistuned Vibration of Bladed Disk Assemblies: A Reduced Order Approach, 

M. T. Yang, J. H. Griffin, Carnegie Mellon University and L. Kiefling, 

NASA/MSFC (retired) 451 

Phase Synchronized Enhancement Method (PSEM) for Space Shuttle 
Main Engine Diagnostics, J. Jong, AI Signal Research, Inc., J. Jones, 

J. McBride, P. Jones, T. Fiorucci, T. Zoladz, T. Nesman, NASA/MSFC 456 

Blade-to-Blade Interactions and Vibration Damping in a Simulated Integrally 
Bladed Turbine Disk, H. V. Panossian, L. C. Kwok, G. A. Davis, 

Rockwell Aerospace, Rocketdyne, and K. Mims, NASA/MSFC..' 466 

Handbook on High Frequency Flow-Structural Interaction in 
Dense Subsonic Fluids, B. L. Liu, J. M. O'Farrell, andN. S. Dougherty, 

Rockwell International, SSD 474 

Probabilistic Assessment of Tailored Composite Blades, C. C. Chamis, 

NASA/LeRC ’ 434 


CONTROLS AND HEALTH MONITORING 

Chairpersons: D.P. Vallely, NASA/MSFC and J.F. Zakrajsek NASA/LeRC 


Closed Loop Evaluation of Neural Network Based Sensor Validation, 

T.-H. Guo and J. Musgrave, NASA/LeRC 494 

Real-Time Accommodation of Actuator Faults on a Reusable Rocket Engine, 

J. L. Musgrave, T.-H. Guo, E. Wong, NASA/LeRC and A. Duyar, 

Florida Atlantic University 504 

Continuum Fatigue Damage Modeling for Life Extending Control, 

C. F. Lorenzo, NASA/LeRC 514 

Damage-Mitigating Control of Rocket Engines for Structural Durability and High 

Performance, A. Ray, X. Dai, M. Carpino, The Pennsylvania State University 

and C. F. Lorenzo, NASA/LeRC 534 

Sensor Validation, T. W. Bickmore, Aerojet Propulsion Systems 544 

Health Management Systems for Rocket Engines, M. W. Hawman, 

C. A. Ruiz, W. S. Galinaitis, United Technologies Research Center 554 

SSME Parameter Estimation and Model Validity Using Radial Basis Function 
Neural Networks, C. M. Meyer, W. A. Maul, NYMA, Inc. and A. P. Dhawan, 
University of Cincinnati 564 

Feature Extraction for Post-Test Diagnostics, J. F. Zakrajsek, NASA/LeRC, 

C. E. Fulton, Analex Corp., and C. M. Meyer, NYMA, Inc 575 

Unsupervised Learning of SSME Vibratory Responses via Spectral Signatures 
using NASA/MSFC Heuristic Rules, J. Pooley, Ai Signal, Inc., J. McBride, 

J.. Jones, and T. Zoladz, NASA/MSFC 584 

Real Time Failure Control Algorithm for SSME Power Transients, 

H. V. Panossian, D. C. Chow, W. D. Ewing, Rockwell Aerospace, Rocketdyne.... 595 

Development of the System for Anomaly and Failure Detection, 

T. Fox, H. Cikanek, NASA/MSFC and T. Evatt, Rockwell Aerospace, 

Rocketdyne 612 

Table of Contents of Volume I 621 

List of Participants 627 

Author Index 656 



Alex Adams 
CR70 

NASA/MSFC 
MSFC, AL 35812 


Pravin K. Aggarwal 
ED27 

NASA/MSFC 
MSFC, AL 35812 


Gene Addy 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Raf Ahmed 
ED24 

NASA/MSFC 
MSFC, AL 35812 


Ali Ameri 
M. S. 5-11 

Univ. of Kansas Center for Research, Inc. 
NASA/LeRC 

Cleveland, OH 44135-3191 


C. Dale Andrews 
ED 31 

NASA/MSFC 
MSFC, AL 35812 


Kevin P. Armanie Dr. Mahesh M. Athavale 

Aluminum Company of America CFD Research Corp. 

ALCOA Technical Center 3325 Triana Blvd. 

100 Technical Drive Huntsville, AL 35805 

Alcoa Center, PA 15069-0001 


William A. Baeslack, III 
Ohio State University 
190 West 19th Ave 
Columbus, OH 43210 


S. Don Bai 
EP13 

NASA/MSFC 
MSFC, AL 35812 


Thomas T. Bales 
188 A 

NASA/LaRC 
Hampton, VA 23665 


Charles Bagwell 
E27 

Rosemount Aerospace, Inc. 
1256 Trapp Road 
Eagan, MN 55121 


Mark Baker 
EH14 

NASA/MSFC 
MSFC, AL 35812 


Pedro C. Bastias, Ph.D. 
Vanderbilt University 
P.O. Box 1592 - Station B 
Nashville, TN 37205 


Marie Battison 
4-7 

Williams International 
P.O. Box 200 
Walled Lake, MI 481 16 


Thomas Bechtel 
EP43 

NASA/MSFC 
MSFC.AL 35812 


Theodore G. Benjamin 
ED32 

NASA/MSFC 
MSFC, AL 35812 


Randy Bickford 
B/2019 , D/5120 
Aerojet Propulsion Systems 
P.O. Box 13222 
Sacramento, CA 995853-3920 


Alan Bean 
EP43 

NASA/MSFC 
MSFC, AL 35812 


Robert S. Bell 
A3-L330/ 13-3 
McDonnell Douglas 
5301 Bolsa Avenue 
Huntington Beach, CA 92647 


Biliyar N. Bhat 
EH23 

NASA/MSFC 
MSFC, AL 35812 


Timothy W. Bickmore 
ISAI 

P.O. Box 188825 
Sacramento, CA 95818 


Charles M. Biondo 
706-10 

Pratt & Whitney 
P.O. Box 109600 
W.P.B.,FL 33410-9600 


Felix E. Bircher 
Bldg. 2108 

Sverdrup Technology, Inc. 
Stennis Space Center, MS 39529 


Ron Biroscak 

RAG/Barden, Aerospace & Superprecision Div. 
137 Judith Dr. 

P.O. Box 3199 
Milford, CT 06460 


Charles Blankenship 
DA 01 

NASA/MSFC 
MSFC, AL 35812 


Harold Blevins 
PD 14 

NASA/MSFC 
MSFC, AL 35812 


Rob Blumenthal 
Aerojet 

P.O. Box 13222 
Sacramento, CA 995853-3920 



Peter J. Bonacuse 
49-7 

Amy Research Laboratory 
NASA/LeRC 
21000 Brookpark Rd 
Cleveland, OH 44135 


Joseph Bonafede 
SMC/XRV 
U. S. Government 
U. S. Air Force 
2435 Vela Way 
Suite 1613 

Los Angeles AFB, CA 90245-5500 


Robert Bond 
MRF-HTF 

IIT Research Institute 
Building 4628 
MSFC, AL 35812 


Wayne J. Bordelon, Jr. 
ED 34 

NASA/MSFC 
MSFC, AL 35812 


Walter W. Brandon, Jr. 
PD 13 

NASA/MSFC 
Bldg. 4200 
MSFC, AL 35812 


Minel J. Braun 
Dept, of Mech. Eng. 
University of Akron 
Akron, OH 44325 


G. Porter Bridwell 
DA 01 

NASA/MSFC 
MSFC, AL 35812 


Jerry W. Brockmeyer 
MSIB33 

Rockwell International, Rocketdyne Division 
6633 Canoga Ave 
Canoga Park, CA 91304 


Gerry Brown 
23-3 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Brad Bullard 
MP6 

Sverdrup Technology, Inc. / MSFC Group 
620 Discovery Drive 
Huntsville, AL 35806 


Wray Buntine 
MS 269-2 
R1ACS 

NASA/Ames R.C. 

Moffet Field, CA 94035-1000 


Wendel Burkhardt 
Aerojet 

P.O. Box 13222 
Sacramento, CA 95813 


Morrison R. Bums 
EB 22 

NASA/MSFC 
MSFC, AL 35812 


Roger Bursey, Jr. 

715-91 

Pratt & Whitney, GESP 

P.O. Box 1090600 

West Palm Beach, FL 334 10-9600 


Joseph L. Butler 
EB 63 

NASA/MSFC 
MSFC.AL 35812 


Joseph L. Butler 
EB63 

NASA/MSFC 
MSFC, AL 35812 


Marc Carpino 

Pennsylvania State University 
204 Reber Building 
University Park, PA 16802 


Martha Cash 
EP34 

NASA/MSFC 
MSFC, AL 35812 


Chris Chamis 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Jung-Hua Chang 
HV-EV-EA 
31200 
USBI Co. 

6000-C Technology Dr. / P.O. Box 1900 
Huntsville, AL 35807 


Jack M. Chapman, II 
PD13 

NASA/MSFC 
Bldg. 4200 
MSFC, AL 35812 


Po Shou Chen 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


G. Graham Chell 
Division 6 
Bldg 128 

Southwest Research Institute 
6220 Culebra Rd. 

P.O. Drawer 285 10 

San Antonio, TX 78228-0510 

Charles M. Chesser 
CP11 

NASA/MSFC 
MSFC, AL 35812 


Dr. Dara W. Childs 
M.S. 3254 

Texas A&M University 
Turbomachinery Lab. 
College Station. TX 77843 


Herb Chin 
706-06 

Pratt & Whitney, GESP 

P.O. Box 1090600 

West Palm Beach, FL 33410-9600 


Alex Cho 

Reynolds Metals Co. 
P.O. Box 27003 
Richmond, VA 23261 


Alan S. Chow 
EP13 

NASA/MSFC 
MSFC, AL 35812 



Dallas Clark 
ED66 

NASA/MSFC 
MSFC, AL 35812 


Raymond G. Clinton 
EH 34 

NASA/MSFC 
MSFC, AL 35812 


Thomas Coffin 
EB7 

Wyle Laboratories 
P.O. Box 1008 
Huntsville, AL 35806 


David Coote 
MS # 4320 

Martin Marietta Manned Space Systems 

P.O. Box 29304 

New Orleans, LA 70189 


Roderick J. Copa 
730-5 

Honeywell, Inc. 

13350 US Hwy 19 North 
Clearwater, FI 34624-7290 


C. S. Cornelius 
EP 61 

NASA/MSFC 
MSFC, AL 35812 


GaiyP. Corpron 

Colorado Engineering Experiment Station, Inc. 
54043 WCR 37 
Nun. CO 80648 


Dan J. Coughlin 
EL58 

NASA/MSFC 
MSFC, AL 35812 


Richard Counts 
EP33 

NASA/MSFC 
MSFC, AL 35812 


Roy Crooks 
ME/Cr 

Naval Postgraduate School 
669 Dyer Rd. / Rm M5 
Montery, CA 93940 


S. A. David 
4508, 6095 

Oak Ridge National Lab. 
P. O. Box 2008 
Oak Ridge, TN 37831 


George B. Cox 
715-89 

Pratt & Whitney 
P.O. Box 109600 
Palm Beach, FL 33410-9600 


Craig A. Cruzen 
EL58 

NASA/MSFC 
MSFC, AL 35812 


Ken Davidian 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 



David P. Davidson 

ROTADATA - A Micro Craft Company 
1 1584 Goldcoast Drive 
Cincinnati, Ohio 45249 


Elbert F. Davis 
AE01 

NASA/MSFC 
MSFC, AL 35812 


Joe D. Davis 
EH53 

NASA/MSFC 
MSFC, AL 35812 


Timothy C. Dean 
E.E. Dept. 

Tennessee Tech Univ. 
189 2nd Avenue N. 
Algood. TN 38501 


Henry Dennis 
EP33 

NASA/MSFC 
MSFC, AL 35812 


Florin Dimofte 
LeRC/OAI 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Ravinder M. Diwan 
Southern University 
Mechanical Engineering Dept. 
Baton Rouge, LA 70813 


Keith E. Dayton 
A3-L330-/ 13-3 
McDonnell Douglas 
5301 Bolsa Ave 
Huntington Beach, CA 92647 


Daniel P. Deluca 
707-20 

Pratt & Whitney 
P.O. Box 109600 

West Palm Beach, FL 33410-9600 


Carol Dexter 
EP33 

NASA/MSFC 
MSFC, AL 35812 


Robert DiTolla 
24-5190 

General Dynamics - Space Systems 
P.O. Box 85990 
San Diego, CA 92138 


Chris C. Dobson 
EP 13 

NASA/MSFC 
MSFC, AL 35812 


Michael G. Dunn 
4455 Genesee St 
Calspan Corp. 

P.O. Box 400 
Buffalo, NY 14225 


Jack E. Dyer 
23-5360 

General Dynamics Space Systems 

P.O. Box 85990 

San Diego, CA 92186-5990 



Erie M Earhart 
ED 14 

NASA/MSFC 
MSFC, AL 35812 


Andy Eckel 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


James A. Elliott 
AE01 

NASA/MSFC 
MSFC, AL 35812 


David Elrod 
R1-E19 

University of Alabama in Hunisville 
UAH 

Huntsville, AL 35899 


Richard H. Eskridge 
EP 13 

NASA/MSFC 
MSFC, AL 35812 


G. C. Fail 
ED 25 

NASA/MSFC 
MSFC, AL 35812 


John E. Farmer 
ED 14 

NASA/MSFC 

MSFC, AL 35812 


Anthony H.J. Eastland 
IA34 

Rocketdyne Division / Rockwell International 
6633 Canoga Avenue 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


Sandy Elam 
EP33 

NASA/MSFC 
MSFC, AL 35812 


David L. Ellis 
M.S. 106-5 
CWRU / NASA LeRc 
21000 Brookpark Rd. 
Cleveland, OH 44135-3191 


Lisa Emery 
4210 

Martin Marietta 
P.O. Box 10800 
Old Gentilly Hwy 
New Orleans, LA 70189 


Thomas C. Evatt 
MSIB15 

Rockwell International, Rocketdyne Division 

P.O. Box 7922 

6633 Canoga Ave 

Canoga Park, CA 91309-7922 


Wayne C. Farley 
Suite 202 
Hercules, Inc. 

7501 S. Memorial Pkwy 
Huntsville, AL 35815 


Jim Favenesi 
MS4-3-42 

Nichols Research Corporation 
4040 S. Memorial Pkwy 
Huntsville, AL 35815-1502 


P. S. Fielding 
G-5-5 

Reynolds Metals Co. 
6603 W. Broad St. 
Richmond, VA 23230 


Tony Fiorucci 
ED 23 

NASA/MSFC 
MSFC, AL 35812 


Bruce Fleming 
MMC-ET 

Martin Marietta Manned Space Systems 

P.O. Box 999 

Titusville, FL 32781-0999 


JefFFilliben 

John Hopkins University 
Chemical Propulsion Information Agency 
10630 Little Patuxent Parkway 
Suite 202 

Columbia, MD 21044 


Steve Fisher 
IA06 

Rockwell International, Rocketdyne Division 
6633 Canoga Ave. 

Canoga Park, CA 91304 


Lawrence J. Foreman 
EH24 

NASA/MSFC 
MSFC, AL 35812 


Bill Foster 
EP 15 

NASA/MSFC 
MSFC, AL 35812 


Michael J. Foust 
17 Research Bldg East 
Pennsylvania State University 
Bigler Rd. 

University Park, PA 16802 


Thomas H. Fox 
ED14 

NASA/MSFC 
MSFC, AL 35812 


James P. Frank 
Honeywell, Inc. 

1525 Perimeter Pkwy # 125 
Huntsville, AL 35806 


Bob Frankie 
P.O. Box 3015 
Failure Analysis Corp. 
149 Commonwealth Dr. 
Menlo Park, CA 94025 


Ron J. Franz 
SECA, Inc. 

3313 Bob Wallace 
Suite 202 

Huntsville, AL 35805 


James V. French 
P.O. Box 1900 
Pratt & Whitney 
188 Sparkman Dr. 
Huntsville, AL 35807 


Leslie G. Fritzemeier 
IB33 

Rockwell Aerospace 
P.O. Box 7922 

Canoga Park, CA 91309-7922 



Cynthia Frost 
PP02 

NASA/MSFC 
MSFC, AL 35812 


Stephen W. Gaddis 
ED 34 

NASA/MSFC 
MSFC, AL 35812 


Chris Fulton 
LeRC/Analex 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Roberto Garcia 
ED 32 

NASA/MSFC 
MSFC, AL 35812 


Fred S. Garcia 

Rockwell International, Rocketdyne Division 
555 Discover Drive, Suite 1 
Huntsville, AL 35806 


Donald Gardner 
9013 

Sverdrup Technology, Inc. 
1099 Avenue C 
AEDC, TN 37389 


Ray Gaugler 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44 135 


Jim Gauntner 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Dr. Ray Gause 

Science Applications International Corp. 
6725 Odyssey Dr. 

Huntsville, AL 35806 


Steven Gentz 
EH22 

NASA/MSFC 
MSFC, AL 35812 


Howard Gibson 
EH14 

NASA/MSFC 
Huntsville, AL 35812 


Frederick Gluszek 
Bldg. 4712 
RmD115 

Pratt & Whitney Aircraft 
Marshall Space Flight Center 
MSFC, AL 35812 


James E. Giuliani 
SPTD-2 

Ohio Aerospace Institute 
21000 Brookpark Rd. 
Cleveland, OH 44135 


David G. Goggin 
Sverdrup Technology, Inc. 
620 Discoveiy Drive 
Huntsville, AL 35806 


G. M. Goodwin 

Michael D. Goolsby 



4508, 6096 

Aerospace Eng. Dept. 


Oak Ridge National Lab. 

Auburn University 


P. O. Box 2008 

211 Aerospace Engineering Bldg. 


Oak Ridge, TN 37831 

Auburn University, AL 36849-5338 



Sol Gorland 

Benny Graham 


NASA/LeRC 

EH 25 


21000 Brookpark Rd. 

NASA/MSFC 


Cleveland, OH 44135 

MSFC, AL 35812 






Robert H. Graham 

Wayne Gregg 


Aluminum Company of America / ALCOA 

ED27 

— - 

Technical Center 

NASA/MSFC 


100 Technical Dr 

Alcoa Center, PA 1 5069-000 1 

MSFC, AL 35812 



Daniel A. Greisen 

Lisa W. Griffin 

— 

Bldg. 2019 Dept. 5271 

ED32 


Aerojet Propulsion Systems Plant 

NASA/MSFC 


P.O. Box 13222 

MSFC,AL 35812 


Sacramento, CA 95813 




Jerry H. Griffin 

Klaus W. Gross 


Carnegie Mellon University 

EP13 


Dept, of Mechanical Engineering 

NASA/MSFC 

— 

Pittsburgh, PA 15213 

MSFC, AL 35812 



Guy Gualtieri 

Jim Guiliani 


704-40 

LeRC/OAI 

— 

Pratt & Whitney 

21000 Brookpark Rd. 


P.O. Box 109600 

Cleveland, OH 44135 


West Palm Beach, FL 33410 


- 


T. H. Guo 

Phillip Hall 


NASA/LeRC 

EH14 


21000 Brookpark Rd. 

NASA/MSFC 


Cleveland, OH 44135 

MSFC, AL 35812 







I. Keith Hall 
23-5360 

General Dynamics Space Systems 

P.O. Box 85990 

San Diego, CA 92186-5990 


Houston M. Hammac 
ED72 

NASA/MSFC 
Bldg. 4619 
MSFC, AL 35812 


John Harrington 
P.O. Box 825 
ALCOA 

Bettendorf, Iowa 52722 


Robert A. Harrison 
EL42 

NASA/MSFC 
MSFC, AL 35812 


Thomas Haykin 

USB-HV-EN-SA 

USBI 

P.O. Box 1900 
Huntsville, AL 35807 


Jim Heflin 
HV-EV-EA 
31200 
USBI Co. 

6000-C Technology Dr. / P.O. Box 1900 
Huntsville, AL 35807 


Bob Hendricks 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Susan L. Hessler 
ITT Research Institute 
Building 4618 
MSFC. AL 35812 


Mary P. Harris 
EB43 

NASA/MSFC 
MSFC, AL 35812 


Roy Hartfield 
Auburn University 
211 Aerospace Engineering Bldg. 
Auburn University, AL 36849-5116 


John P. Heaman 
ED 36 

NASA/MSFC 
MSFC, AL 35812 


Joseph H. Helmstetter 
Technical Analysis, Inc. 
977 Exployer Blvd. 
Huntsville, AL 35805 


Tom Heibell 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Homero Hidalog 
ED 22 

NASA/MSFC 
MSFC, AL 35812 


Alan K. Hopkins 
0172 

University of Dayton Research Institute 
300 College Park Avenue 
Dayton, OH 45469-0172 


F. W. Huber 
715-92 

Pratt & Whitney 

P.O. Box 109600-9600 

West Palm Beach, FL 33410-9600 


Susan T. Hudson 
ED 34 

NASA/MSFC 
MSFC, AL 35812 


Uwe Hueter 
PT51 

NASA/MSFC 
MSFC, AL 35812 


Nedra Hundley 
EE31 

NASA/MSFC 
Bldg 4202 
MSFC, AL 35812 


Allen Hunt 
14 

The University of Tennessee Space Institute 
B.H Goethert Parkway 
Tullahoma, TN 37388-8897 


Gary Hunter 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44 135 


Monica A. Jacinto 
EB33 

Rockwell Aerospace 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


Jerry E. Jackson 
055-PA05 

Rockwell International, Rocketdyne Division 
6633 Canoga Avenue 
Canoga Park, CA 91309-7922 


Robert K. Jacobs 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Kenneth A. James 
Suite 109 
OPCOA, Inc. 

12881 Knott Street 

Garden Grove, CA 92641-3925 


Tim Jett 
EH14 

NASA/MSFC 

MSFC, AL 35812 


Kumar Jata 
WL/MLS 

U.S. Air Force; WPAFB 
2179 Twelth Street 
Suite 1 

WPAFB, OH 4543*-771* 


Martin L. Johnson 
EB22 

NASA/MSFC 

MSFC, AL 35812 



C. S. Jones 
ED 14 

NASA/MSFC 
MSFC, AL 35812 


Steven D. Jones 
Bldg. 4618 
HT Research Institute 
259 Oakview Road 
Hazel Green, AL 35750 


Robert E. Jones 
Sverdrup Technology, Inc. 
620 Discovery Drive 
Huntsville, AL 35806 


Jen Jong 
Suite 211 

AI Signal Research, Inc. 
904 Bob Wallace Ave 
Huntsville, AL 35805 


John L. Jordan 
Bldg. A 2108 
Sverdrup Technology, Inc. 
Stennis Space Center, MS 39529 


Sreeramesh Kalluri 
49-7 

NYMA, Inc. 
NASA/LeRC 
21000 Brookpark Rd 
Cleveland, OH 44135 


Michael D. Karigan 
ED54 

NASA/MSFC 
MSFC, AL 35812 


Dr. Gerald R. Kan- 

112 EB 

UAH 

Dept of Mech. Engr. 
Huntsville, AL 35899 


George B. Kearns, Jr. 
PD13 

NASA/MSFC 
Bldg. 4200 
MSFC, AL 35812 


John E. Keba 
I A3 2 

Rocketdyne Division / Rockwell International 
6633 Canoga Avenue 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


Sura Kim 

Sverdrup Technology, Inc. 
620 Discovery Dr. 
Huntsville, AL 35806 


Dr. Cetin Kiris 
T27B-1 

MCAT Institute 

NASA/ARC 

Moffett Field, CA 94035 


Mark Klem 
SPTD-2 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Paul Komater 

706-06 

Pratt & Whitney 
P.O. Box 109600 
West Palm Beach, FL 33410-9600 


Mark Krutyholowa 
Suite 840 

Ashurst Corporation 
1380 Lawrence St. 
Denver, CO 80204 


Tony Kurkov 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Kevin Kurtley 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44135 


A. K. Kuruvilla 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Dennis M. Lambert 
Georgia Tech 
32984 GA Tech Station 
Atlanta, GA 30332 


Timothy J. Langan 

Martin Marietta Laboratories - Baltimore 
1450 South Rolling Road 
Baltimore, Maryland 21227 


Mark E. (Buzz) Lanning 
33B1 

McDonnell Douglas Aerospace 
689 Discovery Dr. 

Huntsville, AL 35806 


Michael H. Lee 
EP 13 

NASA/MSFC 
MSFC, AL 35812 


Anita Liang 
SPTD-2 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Larry Liou 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Jim LeBar 
1313-SW 

McDonnell Douglas 
5301 Bolsa Ave 
Huntington Beach, CA 92647 


EuiW.Lee 
Code 6063 

Naval Air Warfare Center 
Warmineter, PA 18974 


Brenda L. Lindley- Anderson 
EP24 

NASA/MSFC 
MSFC, AL 35812 


John C. Lippold 
Edison Welding Institute 
1100 Kinnear Rd. 
Columbus, OH 43212 



J. W. Littles 
DD01 

NASA/MSFC 
MSFC, AL 35812 


Baw-Lin Liu 
ZA06 

Rockwell International / Huntsville Operations 
555 Discovery Drive 
Huntsville, AL 35806 


Jim Lobitz 
IB07 

Rockwell International Corp. / Rocketdyne Div. 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


John Loboda 
Bldg. 1100 

Sverdrup Technology, Inc. 
Stennis Space Center, MS 39529 


James Loellbach 
MS 5-1 1 

ICOMP/NASA/LeRC 
21000 Brookspark Road 
Cleveland, OH 44135 


Carl Lorenzo 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


W. Barry Lunn 
716-87 

Pratt & Whitney - GEB 
P.O. Box 109600 

West Palm Beach, FL 33410-9600 


George Madzsar 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Matthew Marsh 
EP 32 

NASA/MSFC 
MSFC, AL 35812 


Stacey Longton 
E27 

Rosemount Aerospace, Inc. 
1256 Trapp Road 
Eagan, MN 55121 


Randy Lufriu 
Bldg. 4712 

Martin Marietta Manned Space Systems 
P.O. Box 9008 
Huntsville, AL 35812 


William C. Ly 
EB65 

NASA/MSFC 
MSFC, AL 35812 


Tina W. Malone 
EH24 

NASA/MSFC 
MSFC, AL 35812 


Lisa C. Martin 
77-1 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 



Richard P. Martukanitz 

The Pennsylvania State University 

Applied Research Lab. 

P.O. Box 30 

State College, PA 16804 


David Marty 
SRS Technologies 
500 Discovery Dr 
Huntsville, AL 35806 


Russell Mattox 
EB35 

NASA/MSFC 
MSFC, AL 35812 


Bill Maul 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Robert W. McAmis 

Arnold Engineering Development Center 
935 Avenue C 

Arnold AFB, TN 37389-9800 


Marie McCall 
EB 72 

NASA/MSFC 
MSFC, AL 35812 


R. Craig McClung 
Southwest Research Institute 
P.O. Drawer 28510 
San Antonio, TX 78228-0510 


Paul McConnaughey 
ED32 

NASA/MSFC 
MSFC, AL 35812 


Helen McConnaughey 
EP01 

NASA/MSFC 
MSFC, AL 35812 


David McDaniels 
ED 34 

NASA/MSFC 
MSFC, AL 35812 


Eric R. McFarland 
5-11 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44 135-3 191 


Mike McGaw 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Preston B. McGill 
EH 23 

NASA/MSFC 
MSFC, AL 35812 


Bryan McPherson 

EH23 

MSFC 

MSFC, AL 35812 



Patrick S. McRight 
EP 23 

NASA/MSFC 
MSFC, AL 35812 


Jay A. Medley 
EH53 

NASA/MSFC 
MSFC, AL 35812 


Carolyn Mercer 
77-1 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Mike Meyer 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


JohnL. Mihelich 

Commonwealth Aluminum Technologies 
1200 Meidinger Tower 
Louisville, KY 40202 


K. K. Mims 
ED 22 

NASA/MSFC 
MSFC, AL 35812 


Jody L. Minor 
ED34 

NASA/MSFC 
MSFC, AL 35812 


Paul McWhorter 
1080 

Sandia National Laboratories 
P. O. Box 5800 
Albuquerque, NM 87185-1080 


Dan P. Mellen 
ED25 

NASA/MSFC 
MSFC, AL 35812 


Charles L. Merkle 
The Pennsylvania State Univ. 
104 Research Building East 
University, PA 16802 


Claudia Meyer 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44 135 


Sam Miller 
1080 

Sandia National Laboratories 
P. O. Box 5800 

Albuquerque, NM 87185-1080 


Dr. James B. Min 
ED27 

NASA/MSFC 
MSFC, AL 35812 


Ray Miryekta 
A3-243/45-2 

McDonnell Douglas Aerospace 
5301 Bolsa Ave. 

Huntington Beach, CA 92647-2099 


Bobby T. Money 
EB 22 

NASA/MSFC 
MSFC, AL 35812 


James Moore 
SRS Technologies 
500 Discovery Dr 
Huntsville, AL 35806 


Gerald L. Morrison 
MS 3123 

Texas A&M University 
Mechanical Engineering Dept. 
College Station, TX 77843 


James Moses 
PR 21 

NASA/MSFC 
MSFC, AL 35812 


D. Murthy 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Lewis E. Moore 
EH 14 

NASA/MSFC 
MSFC, AL 35812 


M Morel 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Marlow Moser 
Bigler Road 

Pennsylvania State University 
135 Research Bldg. East 
University Park, PA 16802 


Richard L. Moyers 
9013 

Sverdrup Technology, Inc. 
Bldg. 1099 Avenue C 
Arnold AFB, TN 37389-9013 


Jeffrey L. Musgrave 
77-1 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Shelia K. Nash-Stevenson 

EB 22 

NASA/MSFC 
MSFC, AL 35812 


Mary Nehls 

EH44 

NASA/MSFC 
MSFC, AL 35812 


Tom Nesman 
ED 33 

NASA/MSFC 
MSFC, AL 35812 


Bob Neuschaefer 
CQ30 

NASA/MSFC 
MSFC, AL 35812 



John M. Newman Toan Nguyen 

Aluminum Company of America / ALCOA Panametrics, Inc. 

Technical Center 221 Crescent Street 

100 Technical Drive Waltham, MA 02154-3497 

Alcoa Center, PA 15069-0001 


Bill Nieberding 
77-1 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Nancy D. O'Brien 
P.O. Box 61 
1/S Center 

University of Tennessee Space Institute 
B.H. Goethert Pkwy 
Tullahoma, TN 37388-8897 


Arnie Norman 
EB 56 

Rockwell International / Rocketdyne Div. 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


Kevin O'Hara 
RA02 

Rocketdyne Division - Rockwell International 
555 Discovery Drive Ste. 1 
Huntsville, AL 35806 


Lawrence G. Oberle 
77-1 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Rene Ortega 
ED27 

NASA/MSFC 
MSFC.AL 35812 


Dr. Alan B. Palazzolo 
MS 3123 

Texas A & M Univ. 

Mechanical Engineering 
College Station, TX 77843-3 123 


Greg Ojard 
707-21 

Pratt & Whitney, GESP 

P.O. Box 1090600 

West Palm Beach, FL 33410-9600 


Sibtosh Pal 
Bigler Road 

Pennsylvania State University 
129 Research Bldg. East 
University Park, PA 16802 


Binayak Panda 
ITT Research Institute 
Building 4618 
MSFC.AL 35812 


Hagop V. Panossian 
AC71 

Rockwell International, Rocketdyne Division 
6633 Canoga Avenue 
Canoga Park, CA 91309 


James Papadopoulos 
Mesa Associates, Inc. 
190 lime Quarry Rd 
Suite 202 

Madison, AL 35758 


Marshall C. Patrick 
EB22 

NASA/MSFC 
MSFC, AL 35812 


Donald E. Paulus 
715-92 

Pratt & Whitney 
P.O. Box 109600 

West Palm Beach, FL 33410-9600 


John Patterson 
EB65 

NASA/MSFC 
MSFC, AL 35812 


Philip Pelfrey 
715-91 

Pratt & Whitney, GESP 

P.O. Box 1090600 

West Palm Beach, FL 33410-9600 


Clara Perkins 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Gretchen L. Perry 
EP23 

NASA/MSFC 
MSFC, AL 35812 


Warren Peters 
EP33 

NASA/MSFC 
MSFC, AL 35812 


Dr. Joseph R. Pickens 

Martin Marietta Laboratories - Baltimore 

1450 South Rolling Road 

Baltimore, Maryland 21227 


Jerry L. Pieper 
2019/5276 
GenCorp Aerojet 
P.O. Box 13222 
Sacramento, CA 95813 


Thomas Piff 
Bldg. 4554 

Martin Marietta Manned Space Systems 
P.O. Box 9008 
Huntsville, AL 35812 


Dr. Maciej Z. Pindera 
CFD Research Corp. 
3325 Triana Blvd. 
Huntsville, AL 35805 


John C. Pooley 
Suite 211 

AI Signal Research, Inc. 
904 Bob Wallace Ave 
Huntsville, AL 35801 


Bob Porter 
PD22 

NASA/MSFC 
MSFC, AL 35812 


D. J. Porter 
PR41 

NASA/MSFC 

MSFC, AL 35812 



William T. Powers 
EB22 

NASA/MSFC 
MSFC, AL 35812 


Dr. Andrzej Przekwas 
CFD Research Corp. 
3325 Triana Blvd. 
Huntsville, AL 35805 


MicheaJ S. Purvey 
EB35 

NASA/MSFC 
MSFC, AL 35812 


Dick Quentmeyer 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Shamim Rahman 
Rm. 17 

Pennsylvania State University 
Research Bldg. 

East Bigler Road 
University Park, PA 16802-2320 


Akil. A. Rangwalla 
T27B-1 

MCAT Institute 

NASA/ARC 

Moflfett Field, CA 94035 


JefFRatley 
EB 22 

NASA/MSFC 
MSFC, AL 35812 


William F. Reveiey 
Code CT 

NASA Headquarters 
300 East Street SW 
Washington, DC 20546-0001 


Doug Richards 
MP6 

Sverdrup Technology, Inc. 
620 Discovery Drive 
Huntsville, AL 35806 


Dr. Asok Ray 
Pennsylvania State Univ. 
Mechanical Engineering Dept. 
University Park, PA 16802 


James Rhodes 
EP83 

NASA/MSFC 
MSFC, AL 35812 


Robert J. Richmond 
PT 01 

NASA/MSFC 
MSFC, AL 35812 


Roberto J. Rioja 

Aluminum Company of America / ALCOA 

Technical Center 

100 Technical Drive 

Alcoa Center, PA 15069-0001 


Floyd Roberts 
EH34 

NASA/MSFC 

MSFC, AL 35812 


Mack O. Roberts 
T330 

Martin Marietta Astronautics 
P.O. Box 179 
Denver, CO 80201 


Max Roler 
9800 

Sverdrup Technology, Inc., AEDC 
935 Avenue C 

Arnold AFB, TN 37389-9800 


Dr. Peter L. Romine 
Florida International University 
P.O. Box 207 
Gurley, AL 35748 


Carol Ruiz 
129-85 

United Technologies Research Center 

411 Silver Lane 

East Hartford, CT 06 108 


Dale Russell 
IB8I 

Rockwell International Corp. / Rocketdyne Div. 
6633 Canoga Ave. 

P.O. Box 7922 

Canoga Park, CA 91309-7922 


Stephen G. Ryan 
ED 14 

NASA/MSFC 
MSFC, AL 35812 


Harry Ryan, III 
17 Research Bldg. 
Pennsylvania State University 
East Bigler Rd. 

University Park, PA 16802 


Luis San Andres 
MS 3123 

Texas A&M University 
Mechanical Engineering Dept 
College Station, TX 77843 


Subramanian V. Sankar 
Aerometrics, Inc. 

550 Del Rey Avenue 
Sunnyvale, CA 94086 


Ethan Scarl 

JN-55 

Boeing 

P.O. Box 499 

Huntsville, AL 35824 


Jonathan Salem 
49-7 

NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Jeffrey H. Sanders 
Rm 200 

ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Robert J. Santoro 
Rm 240 

The Pennsylvania State University 
Research Bldg. East 
Bigler Rd 

University Park, PA 16802-2320 


Charles F. Schafer 
EP13 

NASA/MSFC 
MSFC, AL 35812 



Deborah D. Schmidt 
EH23 

NASA/MSFC 
MSFC. AL 35812 


Mark Schroder 
731-26 

Pratt & Whitney, GESP 

P.O. Box 1090600 

West Palm Beach, FL 33410-9600 


Marie L. Semmel 
EH33 

NASA/MSFC 
MSFC, AL 35812 


Nikhat Shahzad 
CR70 

NASA/MSFC 
MSFC, AL 35812 


Sujay K. Shaunak 
MSU/NSF ERC 
P. O. Box 6176 
Mississippi State, MS 39762 


Deborah Schmidt 
EH23 

NASA/MSFC 
MSFC, AL 35812 


Roy J. Schulz 
MS-04 

UT Space Institute 
B.H. Goethert Pkwy 
Tullahoma, TN 37388-8897 


N. Shadhzad 
CR 70 

NASA/MSFC 
MSFC, AL 35812 


Max Sharp 
EH 01 

NASA/MSFC 
MSFC, AL 35812 


Larry Sheaks 
AlliedSignai Aerospace 
1525 Perimeter Pky STE 150 
Huntsville, AL 35806 


Gary J. Shiflet 

Thornton Hall 

University of Virginia 

Materials Science & Engeering Dept. 

Charlottesville, CA 22903-2442 


WeiShyy 

University of Florida 
2321 Aerospace Bldg. 
Gainesville, FL 326 1 1 


Dr. Munir M. Sindir 
IB39 

Rocketdyne Division / Rockwell International 
6633 Canoga Avenue 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


Dr. Jogender Singh 

The Pennsylvania State University 

Applied Research Lab. 

P.O. Box 30 

State College, PA 16804 


Dr. Ashok K. Singhai 
CFD Research Corp. 
3325 Triana Blvd. 
Huntsville, AL 35805 


Janet Wilhelm Sisk 
ED24 

NASA/MSFC 
MSFC. AL 35812 


David B. Sisk 
Martin Marietta 
620 Discovery Dr., Suite 200 
Huntsville, AL 35806 


Mike Smiles 
CR 70 

NASA/MSFC 
MSFC, AL 35812 


Mike Smith 
CR70 

NASA/MSFC 
MSFC, AL 35812 


Richard A. Smith 
ED51 

NASA/MSFC 
MSFC, AL 35812 


Dr. Monty Smith 

The University of Tennessee Space Institute 
B.H. Geothert Parkway #14 
Tullahoma, TN 37388-8897 


David E. Snoddy 
ED72 

NASA/MSFC 
MSFC, AL 35812 


Susan Spencer 
PD22 

NASA/MSFC 
MSFC, AL 35812 


Craig Stanford 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Sheldon D. (Bud) Smith 
SECA, Inc. 

3313 Bob Wallace 
Suite 202 

Huntsville, AL 35805 


Kamal K. Soni 
University of Chicago 
Enrico Fermi Institute 
5640 South Ellis Avenue 
Chicago, IL 60637 


Rod Stallworth 
ED25 

NASA/MSFC 
MSFC, AL 35812 


Edgar A. Starke, Jr. 

Thornton Hall 

University of Virginia 

Dept of Materials Science & Engineering 

School of Engineering & Applied Science 

Charlottesville, CA 22903-2442 



George Stefko 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Craig S. Stoker 
055-AC09 

Rockwell International, Rocketdyne Division 
P.O. Box 7922 

Canoga Park, CA 91309-7922 


George Story 
Dept 3912 
Martin Marietta 
P.O. Box 9008 
MSFC, AL 35812 


H. G. Struck 
ED 31 

NASA/MSFC 
MSFC, AL 35812 


Wayne L Swanson 
EB7 

Wyle Laboratories 
P.O. Box 1008 
Huntsville, AL 35806 


Shayne Swint 
PT 41 

NASA/MSFC 
MSFC, AL 35812 


Scott Szogas 
M4/922 

The Aerospace Corporation 

P.O. Box 92957 

Los Angeles, CA 90009-2957 


Wm. Troy Tack 
Suite 840 

Ashurst Corporation 
1380 Lawrence St. 
Denver, CO 80204 


Tak Taketani 
A3-211/T-50 

McDonnell Douglas Aerospace West 
5301 Bolsa Avenue 
Huntington Beach, CA 92647 


Dr. Gopal D. Tejwani 
Bldg 2108 

Sverdrup Technology, Inc. 
Stennis Space Center, MS 39529 


Robert Thom 
EH14 

NASA/MSFC 
MSFC, AL 35812 


George E. Talia 
Box 35 

The Wichita State University 
Dept, of Mech. Engr. 

1845 Fairmont 
Wichita, KS 67260-0035 


James Thayer 
MRF-ITRI 

ITT Research Institute 
EH 24 

MSFC, AL 35812 


Cedi W. Thompson 
EB22 

NASA/MSFC 
MSFC, AL 35812 


James F. Thompson 
PD13 

NASA/MSFC 
Bldg. 4200 
MSFC, AL 35812 


Dan Thompson 

Calspan 

Cal span Corp. 

BLDG. .4485 /Room 110 
MSFC,AL 35812 


Ray Thompson 
UAB 

Dept, of Materials Science & Engineering 
1 150 10th Avenue South 
BEC 360 

Birmingham, AL 35294-4461 


Wayne Thompson 
TMD Div 
SPARTA, Inc. 

4901 Corporate Dr. 
Huntsville, AL 35805 


Hugh J. Thornburg 
MSU/NSF ERC 
P.O. Box 6176 
Mississippi State. MS 39762 


Huu P. Trinh 
EP13 

NASA/MSFC 
MSFC, AL 35812 


Steve Tucker 
PD22 

NASA/MSFC 
MSFC, AL 35812 


Donald P. Vallely 
EDI 1 

NASA/MSFC 
MSFC, AL 35812 


Peter A. Van Hoff, Jr. 
Suite 150 

AlliedSignal Aerospace 
1525 Perimeter Pkwy 
Huntsville, AL 35806 


Tony Tipps 
P.O. Box 370 
Micro Craft, Inc. 

207 Big Springs Ave 
Tullahoma, TN 37388-0370 


Joan Trolinger 
EP33 

NASA/MSFC 
MSFC, AL 35812 


Jeff Umbach 
Bldg. 4712 
Piatt & Whitney 
RmD115 
MSFC, AL 35812 


Dave Van Dyke 
Bldg. 8306 

Sverdrup Technology, Inc. 
Stennis Space Center, MS 39529 


Katherine VanHooser 
EP32 

NASA/MSFC 
MSFC, AL 35812 



E. E. VanLandingham 
Transportation Thrust 
NASA/HQ 

600 Independence Ave. 
Washington, DC 20546 


A. K. Vasudevan 
Code 332 

Office of Naval Research 
800 N. Quincy Street 
Arlington, VA 22217 


Timothy P. Vaughn 
EH43 

NASA/MSFC 
MSFC, AL 35812 


Ed Vesely 

ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Marcus Vlasse 
ES 76 

NASA/MSFC 
MSFC, AL 35812 


Mary Wadel 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Dr. Woodward Waesche 
2 - 6-6 

Science Applications International Corp. 
1710 Goodridge Dr. 

P.O. Box 1303 
McLean, VA 22102 


Jim Walker 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


F. Douglas (Doug) Wall 
University of Virginia 
Dept, of Materials Science 
Charlottesville, VA 22903-2442 


James F. Walton 
Mechanical Technology Inc. 
968 Albany-Shaker Rd. 
latham, NY 12110 


Glen S. Waldrop 
ROC-1 

Rocketdyne Div. / Rockwell Int'l Corp. 
Rm 1136 /O&C Bldg. 

Kennedy Space Center, FL 32899 


W. Glenn Walker 
HV-EV-EA 
31200 
USBI Co. 

6000-C Technology Dr. / P.O. Box 1900 
Huntsville, AL 35807 


T. L. Wallace 

Vanderbilt Univ. / NASA/Sct-AEDC 
5760 River Road 
Nashville, TN 37209 


Chung-Chu Wan 
M2/242 

Aerospace Corp. 

P.O. Box 92957 
Los Angeles, CA 90009 


William K. Ward 
EH53 

NASA/MSFC 
MSFC, AL 35812 


Douglas N. Wells 
EH 23 

NASA/MSFC 
MSFC, AL 35812 


William B. White 
EB 22 

NASA/MSFC 
MSFC, AL 35812 


Dr. Timothy J. White 
Mesa Associates, Inc. 
190 Lime Quarry Rd 
Suite 202 

Madison, AL 35758 


Kenneth S. Williamson 
EB42 

NASA/MSFC 
MSFC. AL 35812 


Robert F. Witholder 
AL20 

Honeywell, Inc. 

1525 Perimeter Parkway Suite 125 
Huntsville, AL 35806 


Mike Watwood 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Kevin W. Whitaker 
Aerospace Engr. Dept. 

The University of Alabama 
Box 870280 

Tuscaloosa, AL 35487-0136 


Tim White 
Calspan 
Calspan Corp. 

BLDG. 4485 /Room 100 
MSFC.AL 35812 


Herbert WiU 
77-1 

NASA/LeRC 
21000 Brookpark Rd 
Cleveland, OH 44070 


Jason R Wilson 

SMC/XRV 

U. S. Government , U. S. Air Force 
2435 Vela Way 
Suite 1613 

Los Angeles AFB, CA 90245-5500 


Steven J. Wofford 
Calspan 
Calspan Corp. 

BLDG. 4485 / Room 100 
MSFC.AL 35812 


John R Wooten 
IB15 

Rockwell International, Rocketdyne Division 

P.O.Box 7922 

6633 Canoga Ave 

Canoga Park, CA 91309-7922 


Len Worlund 
NASA/MSFC 
EP01 

MSFC, AL 35812 



S. T Wu 

Dept, of MechanicaJ & Aerospace Engineering 
The University of Alabama in Huntsville 
Huntsville, AL 35899 


Lynn M. Wyett 
FB78 

Rockwell Aerospace, Rocketdyne Division 
6633 Canoga Ave. 

P.O. Box 7922 
Canoga Park, CA 91303 


Dr. Deborah Yaney 
0/93-60 B/204 P/2 
Lockheed Misiles and Space Co. 
3251 Hanover St. 

Palo Alto, CA 94304 


Ming-ta Yang 
Carnegie Mellon University 
Dept, of Mechanical Engineering 
Pittsburgh, PA 15213 


Vigor Yang 
Penn State Univ. 

Ill Research Bldg. East / Bigler Road 
University Park, PA 16802 


Anthony T. Zachery 
M5/557 

The Aerospace Corporation 

P.O. Box 92957 

Los Angeles. CA 90009 


June Zakrajsek 
SPTD-2 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44 135 


Michelle Zaller 
LeRC/NYMA 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Joe E. Zimmerman 
EB22 

NASA/MSFC 
MSFC, AL 35812 


Tom Zoladz 
ED 33 

NASA/MSFC 
MSFC, AL 35812 



APPENDIX VIII 


“Aluminum Lithium Alloys for Aerospace Applications” 
Table of Contents and Participant List 



TABLE OF CONTENTS 



Opening Remarks, R. J. Schwinghammer, NASA/MSFC 

Technical Summary, E. A. Stark, Jr., University of Virginia andB. N. Bhat, 
NASA/MSFC 

Aluminum-Lithium Alloys, E. A. Starke, Jr., University of Virginia, and C. P. 
Blankenship, Jr., General Electric Corporate Research and Development 

Al-Li Alloy Development at Reynolds Metals Company for Aerospace Applications, 

A. Cho, R. E. Greene, M. H. Skillingberg and P. S. Fielding, Reynolds Metal Co 

On The Yield Stress Anisotropy of Al-Li Alloys, A. K. Vasudevan, Office of Naval 
Research, M. A. Przystupa, University of California, Los Angelos 

Air Force Program for Developing Isotropic Wrought Al-Li Alloys, J. T. Morgan, K. 

V. Jata, Ar Force Wright Laboratory V K. Jain, and A. K. Hopkins, University of 
Dayton 

High Strength Al-Cu-Li Aloys for Launch Systems, J. R. Pickens, Martin Marietta 
Laboratories, W. T. Tack, Ashurst Corp., F. W. Gayle, National Institute for 
Standards and Technology, and J. Maisano, Martin Marietta Laboratories 

Ultra-Low Density, High Stiffness A-Li-X Alloy for Aerospace Structural 
Applications, D. L. Yaney, Lockheed Missiles & Space Company, Inc 

High Fracture Toughness in A-Li Aloys - The Result of Vacuum Refining to Effect 
Alkali Metal Impurity Removal, J. L. Mihelich, Commonwealth Auminum 
Technologies, C. G. Bennett, Comalco Auminum Limited, E. D. Sweet and I. 

Musulin, Comalco Research Centre 

Characterization of Lithium Distribution in Auminum-Lithium Materials, K. K. Soni, 
University of Chicago, D. B. Williams, Lehigh University, J. M. Chabala, R. Levi- 
Setti, University of Chicago, and D. E. Newbury, National Institute of Standards and 

Technology 

Stress-Assisted 5' Precipitation on Dislocations in an A-Li Aloy, Z. M. Wang, and G. 
J. Shiflet, University of Virginia 

Auminum-Lithium Aloy 2195 Reversion Aging Study, I. K. Hall and D. B. Sisk 
Martin Marietta Astronautics 


.1 

..3 

..6 

..17 

..26 

...43 

57 
73 

.84 

.95 
.105 
.114 


iv 


PRECEDING PAGE 


blank not FILMED 


i|i iH li H 


Critical Electrochemical Potentials Relating to the Rapid Environmentally Assisted 
Cracking of Advanced Aluminum Alloys, F. D. Wall and G. E. Stoner, University of 
Virginia 

Environmentally Assisted Cracking and Localized Corrosion Susceptibility of 
Aluminum Alloys 2195 and 2219, T. J Langan, P. E. McCubbin, and J. R. Pickens, 
Martin Marietta Laboratories 


Stress Corrosion Cracking and Microstructural Evaluations of Aluminum Lithium 
Alloy 2195-RT 70 Variable Polarity Plasma ARC (VPPA) Weldments, R. M. Diwan, 
Southern University of Baton Rouge, P. D. Torres, and T. Malone, NASA/MSFC 

Determining the Crippling Strength of Aluminum-Lithium Skin/Stringer Structures 
R. Di Tolla, General Dynamics 

Testing of Aluminum Lithium (AL-Li) Alloy 2095-T8, H. Taketani, McDonnell 
Douglas Aerospace 

Microstructure-Cryogenic Fracture Correlations in Weldalite™ Weldments, R. 
Crooks, Naval Post Graduate School, J. S. Sedlak, U.S. Coast Guard, A. Szabo, 

Martin Marietta Manned Space Systems and M. R. Mitchell, Rockwell International 
Science Center 

Mechanical Testing of 0.5-inch Welded Aluminum-Lithium Alloy, R. Bond, ITT 
Research Institute, T. W. Malone, NASA/MSFC ’ 

Fracture Properties of 0.5-inch Welded Aluminum-Lithium Alloy, P. McGill, 
NASA/MSFC, M. Watwood, and B. Malone, IIT Research Institute 

Analysis of the 2195 Aluminum-Lithium Alloy Weld Microstructure and Fracture 
Behavior, P. C. Bastias, M. Diehm, G. T. Hahn, K.-Y. Kim, M. Krai, S. R. Shah, 
and J. E. Wittig, Vanderbilt University 

Optimization of the VPPA Welding Process for 2195 Aluminum-Lithium Alloy using 
Response Surface Technqiues, M. O. Roberts, E. F. Scholz, L. W. Loechel, Martin 
Marietta Astronautics and K. Lawless, NASA/MSFC 

Backside Shielding Device for Aluminum Lithium VPPA Welding G Biorkman 
Martin Marietta Astronautics 

Laser Beam Welding of Aluminum-Lithium Structures, R. P. Martukanitz, K. G. 
Lysher, and P. R. Howell, The Pennsylvania State University 

Analysis of Weld Hot Cracks in Al-Li Alloy 2195, R. G. Thompson, University of 
Alabama in Birmingham 


..144 
..156 
.. 167 

.174 

.183 

.194 

.205 

.216 

229 

237 

246 


V 



Weld Cracking Susceptibility of Aluminum-Lithium Alloys, J. C. Lippold, W. Lin, 

Edison Welding Institute, W. A. Baeslack, III and D. Xia, The Ohio State University 

and A. Szabo, Martin Marietta Manned Space Systems 264 

Microstructural Characterization of 0.5-inch Welded Aluminum-Lithium Alloy, J. H. 

Sanders and B. Panda, IIT Research Institute 277 

Microstructure Evolution in the Heat-Affected Zone of a Gas Tungsten-Arc Welded 
Al-2195, K. H. Hou, W. A. Baeslack, III, The Ohio State University, J. C. Lippold, 

Edison Welding Institute, and A. Szabo, Martin Marrietta Manned Space Systems 288 

Cracking during Welding of 2195 Aluminum-Lithium Alloy: Experimental 
Approaches towards Mechanism, J. E. Talia, Wichita State University, and A. C. 

Nunes, Jr., NASA/MSFC 300 

Near Net Forging of Aluminum-Lithium Alloy 2195, J. E. Dyer, D. B. Sisk, and I. K. 

Hall, Martin Marietta Space Systems 309 

X2096 Aluminum-Lithum Rolled Ring Forging Development, J. E. Dyer, I. K. Hall, 

Martin Marietta Astronautics Space Systems, A. Cho, Reynolds Metals Company, A. 

D. Dehbozorgi, Shultz Steel Company 322 

Forming of Aluminum-Lithium & High Aspect Ratio Orthogrid Panels, B. F. Graham, 

NASA/MSFC 334 

Net Shaped Spinformed Aluminum-Lithium Bulkheads for Cryogenic Launch Vehicle 
Propellant Tanks, D. B. Sisk, Martin Marietta Astronautics and E. Sperlich, Zeppelin 
Technologie 341 


vi 



Attendan ce list for "The Aluminum-Lithium Alloys 
for Aerospace Applications Workshop" May 17-19, 1994 


Raf Ahmed 

Chris Barrett 

NASA/MSFC 

NASA/MSFC 

EH24 

ED 15 

MSFC, AL 35812 

MSFC, AL 35812 


Biliyar N. Bhat 

Fred Bickley 

NASA/MSFC 

NASA/MSFC 

EH23 

EE83 

MSFC, AL 35812 

MSFC, AL 35812 


Larry Foreman 

Cynthia Frost 

NASA/MSFC 

NASA/MSFC 

EH24 

PP02 

MSFC, AL 35812 

MSFC, AL 35812 


Nedra Hundley 

Michael Karigan 

NASA/MSFC 

NASA/MSFC 

EE31 

ED54 

MSFC, AL 35812 

MSFC, AL 35812 


Tina Malone 

Preston McGill 

NASA/MSFC 

NASA/MSFC 

EH24 

EH23 

MSFC, AL 35812 

MSFC, AL 35812 

Arthur C. Nunes, Jr. 

RJ. Schwinghamer 

NASA/MSFC 

NASA/MSFC 

EH23 

EEA01 

MSFC, AL 35812 

MSFC, AL 35812 

Janet Sisk 

Davis S noddy 

NASA/MSFC 

NASA/MSFC 

ED24 

ED72 

MSFC, AL 35812 

MSFC, AL 35812 

Richard A. Smith 

David Stone 

NASA/MSFC 

NASA/Headquarters 

ED51 


MSFC, AL 35812 



350 


PRECEDING PAGE BLANK NOT FILMED 


Tim Vau g hn 

NASA/MSFC 

EH43 

MSFC, AL 35812 


Douglas Wells 

NASA/MSFC 

EH23 

MSFC, AL 35812 


Thomas Bales 
NASA/LeRC 
21000 Brookpark Rd. 
Cleveland, OH 44135 


Po Chen 

HT Research Instit ute 
Building 4618 
MSFC, AL 35812 


Bob Jacobs 
UT Research Ins tit ut e 
Building 4618 
MSFC, AL 35812 


Binyak Panda 
HT Research Institute 
Building 4618 
MSFC, AL 35812 

James Thayer 
HT Research Institute 
Building 4618 
MSFC, AL 35812 


Marc Verhage 
NASA/MSFC 
ED72 

MSFC, AL 35812 


Ricky Wilbanks 

NASA/MSFC 

ED72 

MSFC, AL 35812 


Robert Bond 
HT Research Institute 
Building 4618 
MSFC, AL 35812 


Susan Hessler 
LIT Research Institute 
Building 4618 
MSFC, AL 35812 


Steve Jones 
HT Research Institut e 
Building 4618 
MSFC, AL 35812 


Jeff Sanders 
HT Research Institut e 
Building 4618 
MSFC, AL 35812 


Ed Vesely, Jr. 

HT Research Institut e 
Building 4618 
MSFC, AL 35812 


Mike Watwood 
ITT Research Institute 
Building 4618 
MSFC, AL 35812 


Kevin P. Armanie 
ALCOA Te chnical Center 
100 Technical Drive 
Alcoa Center, PA 15069-0001 


351 



Pedro C. Bastias, Ph.D. 
Vanderbilt University 
P.O. Box 1592 - Station B 
Nashville, TN 37205 


Brett Boutwell 

University of Alabama at Bi rmingham 
Department of Material Science and Engineering 
1 150 Tenth Ave. South 
BEC 360 

Birmingham, AL 35294-4461 


Alex Cho 

Reynolds Metals Co. 
P.O. Box 27003 
Richmond, VA 23261 


Roy Crooks 

Naval Postgraduate School 
ME/Cr 

6699 Dryer Rd/Rm M5 
Monterey, CA 93940 


Robert DiTolla 

General Dynamics - Space Systems 
24-5190 

P.O. Box 85990 
San Diego, CA 92138 


Ravinder M. Diwan 
Southern University 
Mechanical Engineering Dept. 
Baton Rouge, LA 70813 


Jack E. Dyer 

General Dynamics - Space Systems 
23-5360 

P.O. Box 85990 

San Diego, CA 92186-5990 


Robert H. Grishom 

American Aluminum/ ALCOA Technical Center 

100 Technical Drive 

Alcoa Center, PA 15069-0001 


I. Keith Hall 

General Dynamics - Space Systems 
23-5360 

P.O. Box 85990 

San Diego, CA 92186-5990 


Joe Helmstetter 
Technical Analysis Inc. 
977 Explorer Blvd. 
Huntsville, AL 35805 


Alan K. Hopkins 

University of Dayton Research Institute 
0172 

300 College Park Avenue 
Dayton, OH 45469-0172 


Kumar Jata 
WL/MLS 

2179 Twelfth Street 
Suite 1 

WPAFB, OH 4543*-771* 


Mark Krutyholowa 
Ashurst Corporation 
Suite 840 

1380 Lawrence St. 
Denver, CO 80204 


Timothy J. Langan 

Martin Marietta Laboratories - Baltimore 
1450 South Rolling Road 
Baltimore, MD 21227 


352 


Eui W. Lee 

Naval Air Warfare Center 
Code 6063 

Marmineter, PA 18974 


John L. Miheiich 

Commonwealth Al uminum Technologies 
1200 Meidinger Tower 
Louisville, KY 40202 


John Newman 
ALCOA Technical Center 
100 Technical Drive 
Alcoa Center, PA 15069-0001 


Roberto Rioja 
ALCOA Technical Center 
100 Technical Drive 
Alcoa Center, PA 15069-0001 


Mary J. Shiflet 

University of Virginia - Thornton Hall 
Materials Science & Engineering Dept. 
School of Engineering & Applied Science 
Charlottesville, CA 22903-2442 


Dave B. Sisk 
Martin Marietta 
Suite 200 
620 Discovery Dr. 
Huntsville, AL 35806 


Edgar A. Starke, Jr. 

University of Virginia - Thornton Hall 
Materials Science & Engineering Dept. 
School of Engineering & Applied Science 
Charlottesville, CA 22903-2442 


Richard P. Martukanitz 
The Pennsylvania State University 
Applied Research Laboratory 
P.O. Box 30 

State College, PA 16904 
Ray Miryekta 

McDonnell Douglas Aerospace 

A3-243-45-2 

5301 Bolsa Ave. 

Huntington Beach, CA 92647-2099 


Dr. Joseph R. Pickens 

Martin Marietta Laboratories • B altimor e 

1450 South Rolling Road 

Baltimore, MD 21227 


Mack O. Roberts 

Martin Marietta Astronautics 

1330 

P.O. Box 179 
Denver, CO 80201 


Jogender Singh 

The Pennsylvania State University 
Applied Research Laboratory 
P.O. Box 30 

State College, PA 16804 


Kamal K. Soni 
University of Chicago 
Enrico Fermi Institute 
5640 South Ellis Avenue 
Chicago, IL 60637 

Scott Szogas 

The Aerospace Corporation 
M4/922 

P.O. Box 92957 

Los Angeles, CA 90009-2957 


353 



Attila Szabo 

Martin Marietta Manned Space Systems 
D-4642 

P.O. Box 29304 
New Orleans, LA 70189 


Wm. Troy Tack 
Ashurst Corporation 
Denver Corp. Ctr., Tower EH 
7900 E. Union Ave., Suite 1100 
Denver, CO 80237 


Hideo (Tak) Taketani 
McDonnell Douglas Aerospace West 
A3-211 /T-50 
5301 Bolsa Avenue 
Huntington Beach, CA 92647 


George E. Talia 

The Wichita State University 

Department of Mechanical Engineering 

1845 Fairmont 

Box 35 

Wichita, KS 67260-0035 


Ray Thompson 

University of Alabama at Bi rmingham 
Department of Material Science and Engineering 
1150 Tenth Ave. South 
BEC 360 

Birmingham, AL 35294-4461 


A.K. Vasudevan 
Office of Naval Research 
Code 332 
800 N. Quincy St. 
Arlington, VA 22217 


F. Douglas Wall 
University of Virginia 
Department of Materials Science 
Charlottesville, VA 22903-2442 


Chung-Chu Wan 
Aerospace Corporation 
M2/242 

P.O. Box 92957 
Los Angeles, CA 90009 


John R. Wooten 

Rockwell International - Rocketdyne Division 
IB 15 

P.O. Box 7922 

6633 Canoga Park 

Canoga Park, CA 91309-7922 


Dr. Deborah Yaney 
Lockheed Missiles and Space Co. 
0/93-60 B/204 P/2 
3251 Hanover St. 

Palo Alto, CA 94304 


354 



